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IV - IMPORTANCE OF CONTAINERIZATION 


Introduction 


Although boxes, barrels, jars, and jugs were containers in ancient times, 
they hardly match the containers of the present. The cargo containers address- 
ed here are relatively new, with the marine intermodal container birth coning 
in the mid-fifties and the air containers stemming from the sixties. The sur- 
face mode, marine, intermodal container concept caught hold, achieved standard- 
ization, and grew into a massive industry driving many of the bulk cargo ships 
fron the seas. This large-capacity, dcpr-to-door-capable, sea-truck-rail con- 
cept filled a timely need in service and in economics. O.I.M. Portion, Presi- 
dent of Atlantic Container Lines observed (ref. 24), "...that from a commer- 
cial viewpoint the intermodal container has, through efficiencies of utili- 
zation, done more than any other transportation development to mitigate the 
steady advance of inflation..." 

Air containerization had its beginning approximately a decade later than 
the surface modes. Although it grew rapidly with the introduction of narrow- 
body jets and main deck igloos, its growth scarcely compares with that of the 
marine ISO intermodal container. Containerization in the air carrier industry 
remains rather immature compared with the surface industry. Surface industry 
spokesmen have for some years expressed concern about the air carrier system 
approach as evidenced in this quote from Warren L. Serenbetz, CEO of Inter- 
pool, Ltd. (ref. 25), 

"How soon will air freight carriers eliminate the costly, time-consuming 
practice of loading and reloading individual cargoes or the popular non- 
intermodal air containers at the airports? If seme of the unit-loading 
techniques now common to ocean carriers were extended to air freight, so 
that standard ISO containers were truly interchangeable between different 
modes, how much would that add to potential growth during the next decade? 
And who among us is to bet that it can't and won't happen in the next 10 
years." 

Richard Malkin in an Executive Editorial in Cargo Airlift (ref. 26) charac- 
terized the current situation; 

"The passenger airlines love belly cargo. It's the quickest road to 
Mecca. But, if they are going to place the weight of their attention on 
the belly dance, provocative as it may be, it will be quite another kind 
of air shipping industry that will emerge - one, I suspect, that will, un- 
til that elusive dream plane cemes along, have to be content with less am- 
bitious horizons." 

Frost and Sullivan (ref. 27) referred to the follaving containerization 
Limitations nd Problems in their recent air cargo market study results: 
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1. Container use is not well suited to the emergency shipment nature of 
prcsent-day air cargo, except where shipments between major-hub 
airports are^ concerned. Elnergency shipments are usually small in 
weight and size, and any delay necessitated by consolidation of the 
packages with other destined for the same terminal reduces air- 
freight's speed advantage. Container shiprents must be scheduled in 
advance, which does not aid in meeting emergency-shipment needs. 
Also, containers are of limited usefulness to shippers of small indi- 
vidual consignments moving to a multitude of different destinations. 

2. Lower rate breaks are given for larger containers. Many shippers, 
however, find that rate breaks that would make possible a significant 
saving are too large for their needs. At times, the shipper must pay 
for unneeded volume. 

3. Conversely, many high-volume shippers conplain that the available con- 
f^insrs are too small. The LD-1 and LD-3 containers designed for a 
wide body aircraft's lower deck have a 63-inch (1.6-meter) height 
limit, which is too small for a large number of products. 

4. Another size-related problem is the allcwance for ov^ersize loads. 
For increased efficiency, pallets and containers have been designed 
to be closely assembled aboard all-cargo aircraft, with the result 
that little allowance exists for overhang. Often, a shipper is 
forced to pay for an entire extra pallet because his sh.i lament was too 
large to fit in the space allotted for a single pallet. 

5. Seme of the early insulated and/or refrigerated containers had the 
same interior volume as non-insulated equivalents. This resulted in 
larger exterior dimensions because of the need for thick, insulated 
walls. Because aircraft interiors are not true cylinders, but are 
larger in certain areas than in others, these insulated containers 
could be used only in certain sections of aircraft fuselages. 

6. A major problem with containers is the need for backhaul of empties. 
They must be moved to where they are needed, and it costs money to 
move them empty. 

7. Ownership has also created problems. Forwarders for instance, have 
put a great deal of money into container acquisition, and are con- 
cerned about the amount of investment tied up and the return-on- 
investment when these containers are not in use. 

8. Various interline agreements provide for an airline to use another's 
container (or pallet), or to ship it back to its destination. Up 
until 1972, this matter was taken care of through numerous separate 
agreements. However, an inprovement was attained at that tims in tlie 
form of an overall agreement i^^ich seme , not all , lATA carriers 
endorsed. Thus even today, there is no uniform interchange agreement 
endorsed by all carriers. 
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9. Another strictly economic obstacle to the wider use of containers is 
the level of some container rates in relation to bulk rates for large 
shipments. The rather high pivotal bulk weights beyond which low 
rates exist are holding down the use of containers. Many tiroes it is 
cheaper for a forwarder to present the airline with consolidated bulk 
load rather than for him to put it into a container, because the bulk 
rate may be cheaper than the container rate. 

The same Frost and Sullivan report states affirmatively for container- 
ization "... but it is on yet another issue that the future of the industry 
(air cargo) depends. That issue is containerization. Without further pro- 
gress in the containerization program, rates must skyrocket and substantial 
bulk-shipper demand for air cargo will never develop." The authors further 
state; "What is necessary for a major increase in the use of containers is 
the ability to transfer them quickly and cheaply from truck to aircraft (and 
vice versa)." And further, "In spite of their attendant problems, the use of 
containers can drastically cut the airlines' operating expenses, and thus 
either lessen the rates charged the shipper, hold down the messive rate in- 
creases that will otherwise be necessary, or increase the airlines' revenues." 
The findings of Frost and Sullivan thus speak strongly for tlie further develop- 
ment of containerization with, as a minimum, an air- truck intermodal capabil- 
ity. 


Support for an increasing amount of containerization, and an accanpanying 
intermodal capability is not universal within the industry. Joseph Healy, 
Senior V.P. of Flying Tiger Lines in 1974 is quoted (ref. 28); 

"Containers aren't v^at they're cooked up to be in air transportation. 
This is where we part company with the industry. . .Air freight won't be 
moving in 40- foot (12.2-meter) highway trailers until the next century. 
It will be 10 years before there is sufficient demands to warrant the use 
of 8 X 8 X 20-foot (2.44 x 2.44 x 6.1-meter) containers." 

Mr. Healy may be correct with respect to the highway trailers. However, 
in early 1977, Seaboard World Airways reported that "During a 64 day period 
(October 20, 1976 to December 23, 1976) Seaboard moved 963 20' (6.1-meter) con- 
tainers between the U.S. and Europe. This averaged 15 container movements per 
day." In the past year, American Airlines and Container Transport Interna- 
tional (CTI) have made an agreement wherein American will initially lease 
twenty-five 20-foot (6.1-meter) air containers \^ilich embody ISO canpatible cor- 
ner fittings. By March of this year this number has expanded to 100. Fred 
McCusker, American VP Freight Marketing, is reported (ref. 29) to have said 
that he could foresee 300 to 400 of the air containers in use by American in 
the near future. 

The foregoing is recounted not to build a case against the PPL position, 
but to establish that wide-body main deck containerization is developing in a 
large container air- truck intermodal fashion. Actually, FTL showed profits in 
years that Seaboard World did not. To a great degree, however, this may be 
attributed to lack of large container rate incentives. Further on the subject 
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Administrative Law Judge on the 

Doiestic Air Freight Rate Investigation (Docket 22859/April 15, 1975): 

Flying Tiger maintains that it is unjustly discriminatory to charae 

TiSr'f Si?ion''d?l^^^^ different amounts... Flying 

hn?J ^ recognize a fundamental difference between 

bulk and bypass- type container traffic. As the weight of the bulk 
reight shipnient increases, the shipnent ordinarily takes up more space 
a^ generates more facility expense. That is not the situation as re- 
gards a bypass container. Rather the container, because of its fixed 
size requires a given amount of space and incurs facility LSn2 
^respective of the weight of its contents. Therefore, it is not^un- 
reasonable to treat the container differently fran bulk freight. Since 

data^^ available and convenient to use than volume 

^ appropriate to use weight to recover facilities expense 
attributable to bypass containers. The Bureau's methodology of applying 
the average weight of traffic by container type properly Sits ti?e 

o^tS containeLr^^^^ acknowledging the spac^consuming characteristics 

mtr^uction to containers, it is important to observe briefly the 
belly pits ^ the current status of belly (LD - Lower Deck) containers.^ In 
^ jf^^„^body 3et, containerization is generally limited to the mSn deS 
and the ATA type A igloo or equivalent pallet. There is an LD-W container in 
carriers, but the narrow-body bellies are essentially buikTiece 
ad^. -mis IS not the case with the wide-body bellies. Here, with tlie ex- 
ception of the small, aft located/odd-shaped bulk compartment, the tS.lies are 
tirely containeriz^. The standards established to ULD's for the 747, 

Seiefor^* interchangeable and, 

therefore, interlineable among carriers. (OLD stands for "unit load device" 

pSlets'^wft^ nets!r""'' ’^-g devices such as containers Tnd to 

®^9^ificance of the wid^body belly for cargo was evident from the 
^ stage. It could equate in volume and payload capability to nearly a 
whole narrow-body freighter. It was there to be filled on the mnv pasSger 
aircraft, and when the energy "crunch" came in 1973 it became Absolutely 

StoA to containerization was obviouEy ma£^ 

dato^ to carry that volume, to meet short aircraft turn-around requirements 
and to minimize ramp congestion. Passenger aircraft belly volume Aas offeS 
at discount daylight rates, and provided additional revenue. Such occur- 

tainS^ “rs fulfiaeX 

containers tlXl .S- 
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Although it will be an essential part of the industry for many years, 
belly freight service is not the answer to achieving maturity in the air 
freight industry. John C. Cook of the Air Cargo Research Institute recently 
said (ref. 30): 

"Empty wide-body belly ccxnpartments are symptomatic of the ills facing 
the international air cargo industry. The big cargo breakthrough is 
still a long way away." 

Alex Igylarto, Director of Cargo Sales, Northwest Orient Airlines, spoke 
to the general airline viewpoint recently (ref. 31); 

"To return to the idea whose time has cone: Containerized air freight 
offers shippers greater speed, reduced inventory related costs, fewer 
handlings, less susceptibility to pilferage and damage. And it offers 
the carriers the opportunity of cutting their handling costs/' 

Yet, as here indicated, they are far fron fully containerized: 

"At present about one-third of Northwest's cargo business is con- 
tainerized. Specifically, on domestic shipments containers represent 
37% of the revenue and 50% of the weight; internationally, containers 
account for 31.4% of the revenue and 36.8% of the weight." 

This report will discusss physical and technical features and charac- 
teristics of both air and surface containers. Trends, ground handling, and 
intermodal aspects will be detailed. Container-oriented results of the case 
studies will provide both shipper and carrier responses and comment related to 
the systems of today and tomorrow. The advantages and disadvantages as seen 
through these users' eyes will be presented. Important cost considerations 
affecting containerization will be provided. Finally, the operational aspects 
of various air cargo systems, existing and projected, from emergency small 
package to large shipper-stuffed intermodal will be described and discussed. 


Con ta iner iz a t ion 


Technical Characteristics - 

Aircraft ULD's: Growth of the air cargo industry has been greatly accel- 
erated by the development of aircraft unit load devices (ULD's). Pallets and 
nets took their beginnings in the fifties and were followed by containers in 
the sixties. Aircraft ULD's are generally limited to operations frcm airport, 
but some are suitable to air-truck limited off-airport travel. Others provide 
lifting capability and intermodality with some limitations in stacking heights 
for marine mode operations. These aircraft ULD's come in many sizes, shapes, 
and types, in stmctural and non-structural configurations, and in o'ivnership. 
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There are also "non-aircraft" ULD's which essentially are non-structural (non- 
certified boxes of various convenient sizes for the shippers. ULD's have vary- 
ing tarrif rate classifications which generally, but not universally, provide 
iTore fawrable rates for the larger capacity ULD's. 

Table IV-1 shows all the current aircraft ULD's in general commercial use, 
their lATA (International Air Transport Association) classification rating, ID 
(identification) and specification, their USA domestic terminology (often ATA 
- Air Transport Association) and ID, along with cubic capacity, tare weight, 
and permissible gross weight information. Table IV-2 provides similar informa- 
tion for non-aircraft ULD's. It would appear that there is a ULD, 31 aircraft 
and 11 non-aircraft, for every occasion and use. 

Aircraft ULD's consist of an assembly comprising one of tlie following: 

1. Aircraft pallet and pallet net. 

2. Aircraft pallet net over an igloo. 

3. Aircraft container. 

The purpose of the ULD is to enable individual pieces of cargo to be 
assembled into a standard sized unit to facilitate rapid loading/unloading 
onto an aircraft having compatible handling and restraint systems which inter- 
face directly with the unit device. 

A non-aircraft ULD is one designed primarily to be loaded with cargo and 
subsequently loaded on/in an aircraft ULD, i.e., does not interface directly 
with aircraft handling/restraint system. 

Aircraft ULD's are considered a part of the aircraft and as such must ob- 
tain the approval of one or more certification authorities. In the U.S. this 
is the FAA, and approval is granted ei'’ her through a Supplemental T\^ Certi- 
ficate (STC) or through inclusion in NAS 3610 (an AIAA - Aerospace Industries 
Association document) which is authorized under FAA TSO/C90. Specifications 
and standards for the majority of the aircraft ULD's have been prepared and 
issued by one or more of the following organizations: SAE - Society of Automo- 
^’.ive Engineers, lATA, ISO - International Standards Organization, and ANSI - 
American National Standards Institute. For example, the spec/standard for 
Main Deck 8x8' (2.44 x 2.44-meter) Containers for High Capacity Aircraft is, 
in near identical form: SAE AS832, lATA 50/6, IS1496 Series I Part VII, ANSI 
MH5.2. Additionally, in NAS 3610, these containers in various lengths are 
coded 2F1C, 2G1C, 2H1C and 2J1C. 

As air container tare weight must be subtracted from gross payload to ob- 
tain useful or revenue payload, it is important that the container be light in 
weight. As shape and shell thickness are controllable, an attempt is also 
'made to provide a maximum usable volume within the container and within the 
aircraft. Strength for ground and flight maneuvers and for possible emergency 
landing dictates that the weight-saving consciousness should approximate that 
of aircraft design. These strength/weight/volume relationships dictate a 
requirement for thin- floor, thin-wall containers. As current air freighters 
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TABLE IV-1 

MEMBER (AIR CARRIER) OWNED AIRCRAFT UNIT LOAD DEVICES 


Descnotion/SIze 

lATA 

CLASS 

Rati no 

lATA 

ID 

Code 

lATA 

Spec 

US 

Domestic 

Term. 

NAS3610 

ID 

Usable 

Representative 
Volume Tare 

M^ Lb 

Weight 

KG 

Reference 
Max Gross 
Weight 

Lb KG 

Remarks 

8 X 3 X 20 Fr High Copacity 
A/C Main Deck Contciner 

1 

AS , 

50/6 

M-2 

2G1C 

1160 

32.3 

2205 

1000 

25,000 

11,340 

Rect. Container 

3 X S X 2G rr rich Capacity 
A'C Main Deck Pellet VVith Net 

1 

P7 

50/9 

M-2 

2G1P 

1160 

1123 

32.3 

32(HD) 

1000 

1460 

454 

662 

25,000 

11,340 

Rect. Pollet Load 

3 X 8 X 10 Ft High Capacity A/C 
°aliet V.itn N‘on-StnJct Igloo 

2 

UR 

50/3 

(M-1) 

2FIP 

580 

16.4 

661 

300 

12,500 

5670 

Rect. Igloo/Net 

S X 8 X *0 Ft Main Deck Contoiner 
*’af Fligh CapGcit>' A/C 

2 

AR 

50/6 

(M-1) 

2FIC 

580 

16.4 

1102 

500 

12,500 

5670 

Rect. Container 

9o X 125 X 96 In PaliqtV/ith Net 
For High Capacity A/C 

2 

P6 

50/1 B 

M-1 

2MIP 

625 

619 

17.7 

17.5(HD) 

287 

573 

130 

260 

15,000 

6804 

Rect Pollet Load 

96 X 125 X 96 In Mein Deck 

2 

AQ 

50/8 

M-1 

2MIC 

620 

17.6 

1102 

500 

15,000 

6804 

Rect, Container 

Contoinet For High Capocity A/C 

33 X 125 ■< 96 In Main Deck Pallet 
V/itii Net For High Capacity A/C 

2A 

PI 

50/18 

(M-1) 

2AIP,3P 
4P & 6P 

558 

530 

15.8 

15.0(HD) 

267 

381 

121 

173 

15,000 
13,300 
12 500 

io;coo 

6804 

6033 

5670 

4536 

Rect. Pallet Load 

83 X 125 X E3 In Main Deck 
Non-Struct Igloo VVith Net 

2AA 

UAM 

50/3 

(M-1) 

2AIP, 3P 
4P & 6P 

480 

13.6 

573 

260 

15.000 
13 ; 300 
12,500 

10.000 

6804 

6033 

5670 

4536 

Rect* lgloo/l4ef 

96 X 125 X 72 1^ Main Deck Pallet 
V/irh Net 

2B 

P6 

50/1 B 

(M-1) 

2MIP 

430 

12.2 

287 

130 

15,000 

6804 

Rect. Pallet Load 

96 X 125 X 72 In Main Deck Non- 
Struct Igloo V/ith Net 

2B 

UQ 

50/3 

(M-1) 

2MIP 

428 

12.2 

507 

230 

15,000 

6804 

Rect Igloo/Net 

96 X 125 X 118 In Mcfn Deck Pallet 
VTirh Net For High Capacity A/C 

2H 

P6 

50/1 B 

(M-1) 

2MIP 

717 

20.3 

287 

130 

15,000 

6804 

Non-Rect-lO'High 

96 X 125 X 1 18 Main Deck Shelf Pallet 

2H 


50/1 B 

(M-1) 

2M1CD 

773 

219 

765 

374 

15,000 

6804 

Non-Rect. -10' High 

S3 X 125 X 66 In Pallet With Net 

3 

PI 

50/1 A, 
IB, 50/2 

A 

1AIP,3P 

2AIP,3P 

400 

11.3 

267 

121 

13,300 

12,500 

10,000 

6033 

5670 

4536 

Shaped Load 

88 X i25 X 86 In Pollet Vvith 
Non-Stpjct Igloo & Net 

3 

UA 

50/3 

A 

1AIP,3P 

400 

11.3 

485 

220 

13,300 

12,500 

10,000 

6033 

5670 

4536 

Shoped Load 
Igloo Net 


TABLE IV-1, SHEET 2 


4 ^ 

I 

CO 


Descr»ption/Sjze 

lATA 

CLASS 

Rotinq 

lATA 

ID 

Code 

lATA 

Spec 

US 

Domestic 

Term. 

83 X 125 X 66 in Main Deck 
Container 

3 

AA 

50/4 

A 

83 X ICS X 86 In Main Deck 
Pc! let With Net 

4 

P2 

50/1 A, 
50/2 

18 (A) 

88 X lOS X 86 In Moin Deck 
Non-Struct Igloo & Net (80“ H) 

4 

UD 

50/3 

(A) 

88 X 103 X 80 In Main Deck 
Non-Struct igloo & Net (86" H) 

4A 

UD 

50/3 

(A) 

38 X 125 X 6*t In Pallet With Net 

5 

PI 

50/1 A 
50/18 

LD-7 

88 X 125 X 64 In Pollet V»ith 
Non-Struct Igloo & Net 

5 

UA 

50/3 

LD-7 

63 X 125 X 64 In Container 

5 

AA 

50/4 

LD-7 

6C.4 X 125 X 64 In Pallet 
With Net 

6 

P9 

- 

LD-5-11 

60.4 X 125 X 64 In Container 

6 

AW 

- 

LD-5-11 

88 X 61 .5 X 86 In Pallet V/ith Net 

7 

P5 

- 

- 

88 x 61.5 X 86 In HalT Pallet 
VVirh Non-Stnjct Igloo 

7 

UP 

- 

B 

60.4 X 61 .5 X 64 In Certified 
Container For High Copocity A/C 

8 

AV 

50/5 

LD-1,-3 

60.4 X 61 .5 X 64 In N'on-Certified 

8 

DV 

50/7 

LD-K 


Container for High Capacity A/C « 


■ Reference 

Representative Max Gross 


NAS3610 

Usable 

Volume 

Tore 

Weight 

Weight 



ID 

m3 

Lb 

KG 

Lb 

KG 

Remorks 

2A5C 

400 

11.3 

728 

330 

13,300 

6033 

Struct Igloo 






12,500 

5670 






10,000 

4536 


IBIP Etc 

350 

9.9 

232 

105 

10,000 

4536 

Shaped Load 

2B1P Etc 





8,000 

3629 


IBIP 

344 

9.6 

441 

200 

10,000 

4536 

Shaped Load 

2BIP Etc 





8,000 

3629 

Igloo/Net 

IBIP, 

353 

9.9 

463 

210 

10,000 

4536 

Shaped Load , 

2B1P Etc 





6,000 

3629 

Igloo Net 

2AIP,3P 

4P,6P 

360 

10.2 

267 

121 

10,000 

4536 

Shaped Load * 

2AIP,3P 

350 

9.9 

485 

220 

10,000 

4536 

Shaped Load 

4P,6P 







Igloo/Net * 

2A2C 

2A5C 

363 

10.3 

728 

330 

10,000 

4536 

Struct Container * 

2LIP 

260 

7.4 

180 

82 

7,000 

3175 

Shaped Load * 

2LIC 

246 

7.0 

685 

310 

7,000 

3175 

Shaped Load * 
Struct Contoiner 






5,250 

2,380 



205 

5.8 

160 

73 

4,000 

1,814 

Shaped Load 






3,000 

1,362 



217 

6 - i 

294 

134 

5,250 

4.000 

3.000 

2,330 
1,814 
1 ,362 

Shaped Load 
Igloc/Net 

2KIC 

152 

4.3 

300 

136 

3,500 

1590 

Shaped Load, Belly 
Half Container 




287 

130 

3,000 

1360 

Shaped Load, Belly 


Half Container 


V/ide-Body Selly/Norrow-Body Main Deck 


TABLE IV-1, SHEET 3 


D£scrjD^^on/5^ze 

lATA 

CLASS 

Ro-inq 

ID 

Code 

lATA 

Soec 

US 

Domestic 

Term. 

NAS3610 

ID 

Usable 

Representoti ve 

Volume - 

^ Tare 

M" Lb 

V/eight 

KG 

Reference 
Max Gross 
Weight 
Lb KG 

Remarks 

60.4 X 61 , 5 X 64 In Reef. Non-Certified 
Container For High Capacity A/C 

8C 

DV 

- 


- 

103 

2.9 

337 

153 

3000 

1360 

Rect Belly Hojf Contolner 

60, 4 X 31 X 64 In Non-A/C Half - 
Size Container on PcHet 

8B 

CX 

- 


- 

151 

4.3 

396 

180 

4500 

4,000 

2041 

Non-Aircraft ULD Series, 
Shaped 

S3 X 53 X 76 In Half Pallet With Net 

9 

PS 



lElP 

2E2P 

171 

4.8 

135 

61 

3000 

4,000 

1362 

1,814 

Shoped 

S3 X 53 X 76 In Half Pallet 
VMth Non-Stract Igloo 

9 




lElP 

2E2P 

167 

4.7 

285 

129 

3,000 

2,500 

1,362 

1,134 

Shoped, Igloo/^et 

Narrow-Body Belly 
Container (4l x 91 x 4l ) 

- 

- 

- 

LDA>/ 

- 

71 

2.0 

154 

70 

1700 

770 

Shaped 


TAR£ '.-.EIGHTS AND 'v'OLUMES MAY VARY SOMEWHAT BETV/EEN AIR CARRIERS 


GEr.JERAL SOURCE: lATA ULD MANUAL 


TABLE IV-2 

NON AIRCRAFT ULD'S 



lATA 

lATA 


CLASS 

ID 

Description/SIze 

Raring 

Code 

Ho!f 125 In Pollet Size 
Confoiner (83 x 58 x 76) 

7 

C03 

Half Size Inrercbonge 
Confainer (33 x 53 x 75) 

7 

C04 

Mini Half Size 
Cont-iiner (83 x 58 x 61) 

8/9 

COS 

Half 103 In Pallet Size 
Container (33 x 42 x 75) 

8/9 

C06 

Quarter Pellet Size 
Container (53 x 42 x 76) 

- 

- 

Lower Deck Container 
insert (54 x 54 x 56) 

- 

C07 

Guorter Pallet Size 

_ 

C08 

Container (41 x 58 x 45) 

- 

COJ 

ISO Sose Unit - 
Container (40 x 48 x 40) 

- 

C09 

ISO 3ose Unit - 
Container (43 ;x 40 x 27) 

- 

COO 

Sei!/-Hold 

Contafner (42 x 29 x; 25.5 

- 

COS 



US 

Domestic 


Representative 

lATA 

Usable 

Volume 

Tare 

Spec 

Terminology 

Fr^ 


Lb 

70/1 

B 

172 

4.9 

300 

70/1 

B 

157 

4.4 

277 

70/1 

B 

130 

3.7 

240 

70/1 

B 

125 

3.5 

225 

70/1 

B2 

101 

2.8 

225 

70/1 

LD-N 

84 

2.4 

141 

70/1 

D 

55 

1.6 

93 

70/1 

D 

56 

1.6 

96 

70/1 

- 

38 

1.1 

44 

70/1 

- 

25 

0.7 

31 

70/1 

E 

14 

0.4 

19 


Permissible 
Max Gross 


Wr 

KG 

Weio 

Lb 

hf 

KG 

Remorfes 

136 

6686 

3029 

Member Owned, 
Shoped 

126 

6686 

3029 

Member Owned, 
Shaped 

109 

6686 

3029 

Member Owned, 
Shaped 

102 

4841 

2189 

Member Owned, 
Shaped 

102 

2500 

1134 

Member Owned, 
Shaped 

64 

4050 

2400 

1820 

1088 

Member Owned, 
Reef. 

42 

44 

3303 

3383 

1498 

1536 

Member Owned, Rect* 
Non-Member Owned, R 

20 

2666 

1207 

Member Owned, Rect. 

14 

2666 

1207 

Member Owned, Rect. 

8.5 

1691 

768 

Non-Member Owne , R 


GENERAL SOURCE: lATA ULD MANUAL 



have evolved frcm passenger aircraft, the quest for volume in containers in 
volume-limited aircraft have forced the industry into shaped containers - both 
in main deck and in belly application. A check of the currently used air con- 
tainers as listed in Table IV-1 shews that today less than one-third of the 
ULD's have rectangular shapes. These requirements combine to make air con- 
tainers appreciably more expensive than surface mode "itBrine intermodal" con- 
tainers. 

The non-aircraft family of ULD's (Table IV-2), some reusable and some dis- 
posable, present a somewhat counter-productive story from the tare wight 
snd containerization viewpoint. An example of the use of non— aircraft 
ULD's in an apparent extravagantly wasteful manner is that of placing LD-N 
rectangular/ fork— lif table units inside LD-1 or — 3's. The total tare is rough- 
ly increased by 50 percent while the usable volume is nearly cut to 50 per- 
cent. A 300— pound (136— kg), 150 cubic foot (4.3— cubic— meter) capacity 
container in essence becomes a 440-pound (200-kg) container with a 85-cubic- 
(2.4— cubic— meter) capacity. This scheme helps fill the bellies where 
rates are discounted in daylight service. 

logistically, the more expensive aluminum LI>3 container is kept on the 
airport while the less expensive (reusable but relatively short-lived) LD-N 
container is sent off airport. Only ncminal terminal handling costs accrue as 
stuffing and stripping is shipper— provided . Hov\^ver, these factors are hardly 
illustrative of a maturing air freight system capable of penetrating 
substantial new markets. This by-product of passenger service does not 
necessarily pay its way as reported in the Domestic Air Freight Rate Investiga- 
tion, but it is perpetuated by the Board with the logic that discount freight 
(daylight rate) could mean a savings for the passenger. 

As indicated in Tables IV-1 and IV-2 and discussed earlier, standardiza- 
tion exists for air containers in many forms. The proliferation of standards 
necessary to fit the available market to the several narrow-body and wide-body 
aircraft min and lower decks is indicative of a make-shift approach to the 
handling and carriage of air cargo. In the ancilliary and subservient 
position relative to air carrier passengers, it has brought forth the current 
use of only one ULD which remotely resembles a ULD that the majority of CLASS 
case study shippers and carriers could accept. That container is a 8 x 8 x 
20-foot (2.44 X 2.44 x 6.1-meter). 

The M-2 container, as is the case with all aircraft ULD's, has a flat 
roller-conveyorable bottom. The container described in the standards is 
in two versions? (1) with a flush botton only — meaning it must always 
be handled on a conveyorable surface (including roller i^ed flat bed trailers), 
and (2) with a flat bottom and ISO corner fittings. This latter lype B 
version of the container thus may go on/off the aircraft on rollers and may 
^iso be lifted and set down outside the aircraft. The Type B container can be 
placed and carried upon ISO chassis for ground transportation. It may further 
be stacked two-high (top positions) for ocean carriage on container ships or 
in dockside mrshalling/storage yards. 
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The ULD standards for the above 20-foot (6.1-meter) air cx^ntainers cover 
containers of 30 and 40-foot (9.15 and 12.2-meter) lengths. Such are not 
listed in Table IV-1 as they are not in service at this time. It is further 
unlikely that they will enter service in the near future, as compatibility 
with the current civil freighters which could accept them dictates that they 
have a low stiffness value so that they will readily deflect under load to con- 
form to the deflections of the aircraft floor under varying loads. Pallets of 
these lengths are more likely to be used as they are inherently less stiff 
than containers . 

Aircraft ULD's for the U.S. military have been standardized around the 
nine-foot 463L System gauge. The primary pallet is tlie "full" size (88 x 
108-inch) (2.24 x 2.74-meter) unit. Half pallets of 88 x 54-inch (2.24 x 
1.37-meter) d^nsions are used in the USAF-contracted (civil supplemental 
carrier) logAir and USN Quick Trans air cargo services. longer loads are 
either carried as spanning loads on multiple adjacent pallets or on modular 
9-foot (2.74 meter) wide airdrop platforms (which vary from 8 to 28-foot (2.44 
to 8.53-meter) increments). A few structural 88 x 108-inch (2.24 x 2.74 
meter) 463L System containers were procured some years ago; they have received 
limited acceptance and use. These military ULD's are not included among the 
conmercial listings of Table IV-1. 

With respect to ULD classification ratings for tariff purposes and pliysi- 
cal characteristics for interline compatibility, both lATA and ATA-Air Trans- 
^rt Association provide standards. The lATA listing is adequately included 
in Table IV-1. The domestic ATA standards are considered to be of 
insufficient detail to be universally workable. Most domestic air carriers are 
also lATA members and thus are fully familiar with lATA standards. The lATA 
covered units are the Type A, B, B-2, PT-B, D, Quarter D, E, LI>1, Ll>3, LD-5, 
LD-7, LD-11, LD-W and LD-N. Additionally, add the 8 x 8-foot (2.44 x 2.44- 
meter) High Capacity Aircraft Main Deck Containers loosely Tabbed M-1 for a 
nominal 10-foot (3.05-meter) length and M-2 for the 20-foot (6.1-ireter) 
length. 

Surface Mode Intermodal Containers: The ISO marine container is a phencmen— 
al economic success if its growth in use is a fair indicator. Malcolm McLean 
started a transportation revolution when, in 1956, he demonstrated a dockside 
system in which truck load lots of cargo could be loaded/unloaded on/frora 
ships without the time-consuming and expensive break bulk operations. The use 
of large demountable containers, whose size was ideally suited to ground trans- 
portation, fostered the rapid growth of this new sea-land industry and its 
accompanying technology. 

Container physical _ characteristics and capacities are provided in Table 
IV-3. Standards governing most of these container sizes have been prepared by 
both ANSI and ISO. Standards exist for several sizes, 10 and 30-foot (3.05 
and 9.15— meter), which have not caught on. Several other sizes are in very 
limited use in captive systems, i.e. 24 and 27-foot (7.3 and 8.2-meter) 
Matson Line. The Sea-Land 35 foot (10.7-meter) length is captive to S-L and 
Pureto Rico Marine Management, Inc. However, it represents over 10 percent of 
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TABLE IV-3 


ISO SURFACE AAODE/MARINE - INTERMODAL CONTAINERS 


Descriptlon/Size 

Represenfafive 
Range of Tare Weight 

Lb KG 

Max Gross 

Lb 

Weight 

KG 

Representative 
Cubic Capacity 

Ff3 M^ 

Percent of 
Domesti c 
Population 

ANSI 

STD 

ISO 

STD 

8 X 8 X 40‘ 

5200 - 8400 

2630 - 3830 

67,200 

30,480 

2250 

64 


X 

X 

8X 8.5X40' 

5900 - 8500 

2680 - 3860 

67,200 

30,480 

2400 

68 


X 

X 

8 X 9 X 40* 

6300 - 8500 

2860 - 3860 

67,200 

30,480 

2550 

72 

32.0 



8 X 9.5 X 40' 

6500 - 8500 

2950 - 3860 

67,200 

30,480 

2700 

76 




8 X 8.5 X 35' 

5500 

2500 

61,600 

27,940 

2100 

60 

12.0 

X 


8 X 8 X 30' 



(56,000) 

(25,400) 




X 

X 

8 X 8-1/2 X 30' 



(56,000) 

(25,400) 



0.18 



8 X 9-1/2 X 27' 



- 

- 



0.70 



8 X 8-1/2 X 24' 

4100-4900 

1860 - 2200 

50,000 

22,680 

1400 

40 

2.3 

X 


8 X 9-1/2 X 24' 

5250 

2380 

50,000 

22,680 

1520 

43 



8 X 8 X 20' 

3200 - 5000 

1450 - 2270 

44,800 

20,320 

1100 

31 




8 X 8-1/2 X 20' 

3200 - 5000 

1450 - 2270 

44,800 

20,320 

1200 

34 

52.9 

X 

X 

8X8X10' 



(22,400) 

(10,160) 



0 

X 

X 


WEIGHTS AND VOLUME BASED ON DRY VAN CONTAINER CONFIGURATIONS 

GENERAL SOURCE: INVENTORY OF AMERICAN INTERMODAL EQUIPMENT 1976 U.S. DOC AAARAD 
PLUS ANSI & ISO STANDARDS 


the domestically Owned inventory. The 20 and 40-foot (6.1 and 12.2 meter) 
lengths by far dominate the domestic inventory, and enconpass even, a large 
segnent of the total internationally. All containers are readily identified 
by the presence of ISO corner fittings at each of the eight corner locations, 
and when transported on chassis overland, by a complete lack of lights above 
the chassis level at night. 

Tare weight of these containers is higher than for air containers. Tare 
weight ranges are significant as materials of container construction are less 
standrd than for the air containers. The lightest-weight containers are of 
aluminum construction with heavier containers of RFP-Fiberglas Reinforced Ply- 
wood and of steel in common use. Ten years ago one could buy containers of 
this type in production quantities for fifty cents per pound ($1.11 per kg). 
Although that pricing is of the past these containers, built priirarily by 
truck trailer manufacturers, remain very conpetitively priced. 

DoD Container Specifications and Requirements; The U.S. Army owns some 
6700 MILVAN containers. These containers are basically ANSI/ISO intermodal 
20-foot (6.1-meter) length containers specified to be of steel cojistruction. 
Some have a considerable non-ISO internal tie-down capability. Tare weight 
ranges from about 4500 to 5400 pounds (2040 to 2450-kg), which is ver^^ heavy. 
Subsequent DOD policy (ref. 33) called for the employment of the container re- 
sources of the commercial transportation industry to the extent that such 
support is responsive to military requirements. The policy instruction 
further specified: 

"Containerization for the transport of militarv" cargo will be 
utilized to the greatest practicable degree, subject to ... such 
things as cost effectiveness, etc." 

Another DOD directive (ref. 34) states relative to transportability- 
including airways that "...design will specifically consider the im- 
pact of international standardization of intermodal containerization 
in standardizing and facilitating world-wide distribution." 

In recent years there has been occasional Army need to have a 20-foot 
(6.1-meter) intermodal container moved by air. The Air Force has acconplished 
this by placing the non-flush bottom container on a 9-foot (2.74-meter) wide 
aerial delivery platform and then loading the conbined load in a conventional 
roller-conveyor fashion. The load is shored on the platform to ensure an 
equitable load distribution, it is secured to the platform with tie-downs, and 
the platform load is secured to the aircraft by the restraint rail locks after- 
loading on roller-conveyors. 

The 20-foot (6.1-meter) container: Several civil carriers have also 
carried 20-foot (6.1-meter) marine intermodal containers in their 747 
freighters, A similar slave pallet/platform is utilized with its gauge set at 
8-foot (2.44-meter). Because the tliickness of the slave pallet adds to the 
overall height, this unit is nonnally restricted to side door loading where 
sufficient clearance height is available. ^farine intermodal containers are 
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currently considered satisfactory only for non-routine/emergency use by most 
carriers. However, Seaboard Warld has made considerable use of the ISO marine 
containers as noted in the following quotes from Air Transport Wbrld (ref. 


"In_1977 Seaboard's 747's carried more than 6000 20-foot (6.1-meter) 
equivalent sea containers. . . in addition to its own aluminum (air) 
containers." 

Seatoard leases some 200 of the sea containers in order to have a 
sufficient stock of 20— foot (6.1— meter) boxes for its shippers. How- 
ever, it is studying the purchase of 50 to 100 aluminum containers in 
addition to the 52 now owned. The purchase would be more to reduce 
leasing costs than to cut tare weight." Seaboard's aircraft and 
routes are such that tare weight is generally not critical as the air- 
craft cube out prior to payloading out. Seaboard aggressively seeks 
large shipments. About half of Seaboard's current tonnage con- 
sists of shipments weighing more than 20,000-pound (9090-kg) although 
such shipments account for only 3% of the waybills." 

For a look at alternative aircraft interface and loading/unloading means 
not requiring slave pallets, it is suggested the reader review the Proiect 
INTACT program results (ref. 36). In that joint government/industry inter- 
modal air cargo test program, 8 x 8-1/2 x 40-foot (2.44 x 2.59 x 12.2-meter) 
marine intermodal containers were loaded, flcwn and unloaded from C-5 aircraft 
utilizing new and novel shuttle loading concepts. These rollerless (non-con- 
veyor) schemes accomplished the handling tasks via both wheeled and air-bear- 
ing equipment which placed the non-flush bottan containers on blocks on the 
cargo floor of the aircraft, depressed below the container bottan, and with- 
drew to the interface dock to load the next container. 

Other ULD's; Over-the-road trailers fom by far the largest number of dry 
van containers. These non-demoun table containers have been adaptable to inter- 
modal carriage via the "piggyback" railroad syston and he "ro-ro" (roll-on 
roll-off) shipboard concept. The trailer units suitable for these intermodal 
uses are built to special criteria establishing structural and/or dynamic com- 
patibility for the various modes. 

Increasing volume demands for increased productivity per tractor and trac- 
tor driver has forced, in line-haul trucker applications, the use of longer 
and higher trailers and the use of more and longer double- and triple-bottan 
rigs. One major motor carrier commented in the case study responses that all 
their line-haul equipment was either 27 or 45 feet (8.2 or 13.7-meters) in 
length and 9 or 9-V2 feet (2.74 or 2.9-meters) high. This line-haul quest 
for volume is mentioned here to show that more volume is a generally universal 
requirement among all modes and not singular to any one mode such as air. 

Structural Considerations: In November of 1975 J. Bruce Gebhardt of 

United Airlines said on the subject of intermodalism and air (ref. 37): 


4-15 



"Have you ever been in a sea-container yard? If you have you know 
that those delicate little things tnat W 9 call containers couldn't 
last a minute." 

Thus an air cargo industry executive gave his assessment of the relative hardi- 
ness of air containes in the surface mode intermodal container environment. 

In a way, the opposite is true, at least on paper. Design load factors 
are provided in air container specs and standards for both operational (limit) 
and ultimate strength requirements. The ANSI/ISO surface mode criteria 
specify only an operational load level. Qperational/limit load criteria 
dictate that the container may deflect under load, but that upon ranoval of 
the load there shall be no permanent set or deformation. Ultimate design load 
criteria for containers accept permanent deformation but do not allow for 
rupture or discharge of contents. 

With respect to container strength requirements in three directions, note 
in the following table that air requirements are indeed higher than those 
governing surface containers: 

operationai/limit load requirements 


PORE/AET 

AIR MDDE 

SURFACE MODES 

1.0 

0.4 

SIDE 

1.0 

0.6 

VERTICAL UP 

1.0 

0.0 


The design max gross weight for the two types of containers vary consider- 
ably, as shown: 


MAX GROSS WEIGHT CAPABILITY - LB (KG) 

10' L (3.1m) 20' L (6.1m) 30' L (9.1m) 40' L (12.2m) 

12,500( 5,670) 25,000(11,340) 35,000(15,876) 45,000(20,412) 
SURFACE 22,400(10,160) 44,800(20,320) 56,000(25,400) 67,200(30,480) 

Therefore, the real relative capabilities based on requirements are: 

OPERATIONAI/LIMIT load capabilities - lb (KG) 

AIR MODE SURFACE MODE 

20' L (6.1m) 40' L (12.2m) 20' L (6.1m) 40' L (12.2m) 

FORE-AET 25,000(11,340) 45,000(20,412) 16,000+( 7,260) 24,000(10,880) 
side 25,000(11,340) 45,000(20,412) 24 ,000+(10 ,880) 36,000(16,330) 

VERT UP 25,000(11,340) 45,000(20,412) 0 0 

So those delicate little things would not seem so delicate if only these re- 
quirements were used in the ccmparison. A number of factors point to the 
actual strength of the surface mode containers being greater than indicated in 
the foregoing . First, the surface containers are not tested beyond the opera- 
tional load level; a test at the ultimate load level (or to destruction) would 
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determine the actual strength of the container. Another factor pointing to 
added strength stems from requirements for lifting, stacking, and ground opera- 
tions which are peculiar to the ground requirements. Last, a review of 
several representative container manufacturer drawings showed generously- large 
marings of safety, much larger and less weight conscious than that necessary 
within the air industry. 

The delicate little containers Mr. Gebhardt referred to would, in fact, be 
just that for the roost part if they were to be ground-handled and transported 
in the manner and for the distances normal to the sea-containers. The line 
haul for the air container is usually an extremely soft ride, and since roost 
air containers stay on or close to the airport, they experience little of the 
bouncy surface transit of the others. This, of course, is changing as require- 
ments for M-2 type B containers, for instance, have ground handling design re- 
quirements similar to ISO marine containers. 

Internal Tie-down: Internal tie-down is a firm requirement in the air con- 
tainer standards because aircraft may, although rarely, develop vertical 
accelerations sufficient to lift cargo up and slam it down. In normal 
packaged freight v^ere a sufficient percentage of the internal volune of a con- 
tainer is filled, this condition may be ignored. If the volume is 
insufficient - too much air above the cargo - then either dunnage (light 
weight filler material) or internal tie-down is required. For similar reasons 
with very dense items such as engines, generators or machinery may also be re- 
quired to restrict fore-aft-side movement by tie-down. In air containers pro- 
visions for internal tie-down are a spec or standard requirement. 

For surface mode ISO marine containers there are no specified requirements 
for internal tie-down. However, as with dry van trailers, there are 
containers procured with a variety of internal tie-down provisions, seme 
suitable for the erection of internal bulkheads. Here the internal tie-down, 
where used, is applied to restrain cargo against fore-aft-side movement only. 
The most conmon manner of achieving this is with wooden cleats nailed to the 
wooden floor. 

Chassis Interfaces: The new t'?-2 container, like the ISO marine container 
is capable of being transported over-the-road on the skeletal chassis of the 
surface intermodal systems. These chassis are available in large numbers 
world-wide. However, in the field of standardization, the chassis has been 
somewhat of a stepchild. There have been occasional problems in fitting ISO 
marine containers to the chassis. The air container, although designed with 
compensatory corner fitting base thickness to account for the flush (or even 
recessed) corner fitting, also has fallen victim to the misfit problem. 
Current reports frem the air industry fault the chassis, primarily in the 
areas of "raised bolsters" and "bowed twin I-beams." No effort is made in 
this report to further identify this problem. 

One solution to the problem is for the carrier and/or lessor to provide an 
inventory of captive compatible chassis. The ANSI cemmittee on freight con- 
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tainers is currently receiving a draft of a newly proposed standard (m5.6) 
for chassis. 

Depressurizations; There is an air requirement for vent/blowout panels to 
allow the container and the aircraft cargo conpartment internal pressures to 
equalize quickly. This must be achieved in time to prevent the container or 
any of its cargo frcm beconing missile if there were a rapid depressurization 
of the cabin. The ISO marine container does not have this design requirement. 
However, a military test conducted upon an empty MILVAN container showed that, 
in this worst case (empty volume), the container doors, door seals, and some 
structural seams deformed or separated sufficiently that the interior of the 
container was exposed to only a fraction of the pressure differential load 
vhich might have been applied. Nothing became missile. 

Technical Discussion of Future: Air containerization is on the threshold 
of intermodality for the few carriers equipped to carry the 8 x 8-foot (2.44 x 
2.44-meter) M-2 box. Of these few carriers, only one is operating on U.S. 
dcxnestic routes, yet this carrier (American Airlines) has moved out the most 
progressively of all with respect to equipment, as evidenced by its use of 
straddle cranes and leased containers. 

The strength differences and tare weight differences behveen air and sur- 
face containers deserve further ccmment. The time has come when representa- 
tive ISO marine containers should be tested to air mode ultinriate load levels 
to provide information vhich could possibly upgrade their capabilities for ex- 
panded air use. The tare weights for the aluminum surface i\t5de containers, 
made with alloys with allowables 50% of these used in aircraft, could be sub- 
stantially reduced as evidenced by the M-2 continers, and the acceptance of 
non-wood plank floor and lesser stacking requirements could further reduce 
tares for non- flush-bottom intermodal containers. 

Why non- flush-bottom containers? One reason is that the U.S. DOD is 
directing their use. Further, if there beccxnes a need to move 40-foot L 
(12.2-meter) air containers, it is unlikely that the present air container 
criteria for 30-foot and 40-foot (9.15 and 12.2-meter) containers, which are 
peculiarly tailored to 747 fuselage floor stiffness, will be acceptable. At 
the same time, the Type B M-2 container has its lower corner fittings, because 
of its flush bottom, either flush or recessed as opposed to protruding in the 
case of the ISO marine container. This necessity for use on roller-conveyors 
also necessitates the use of functional twist-lock spacers when the container 
is stacked, and has contributed to some interface problems with some existing 
container chassis. 

Our contemporary air cargo systems, operating on conveyors as they do, 
represent a large investment, and for the sake of interchange and interface 
with existing equipment, all new equipment must, be aircraft, ramp, and term- 
inal compatible with existing equipment. Therefore, the issue is not a 
question of whether a "roller less" loading system is superior for large con- 
tainers over the present roller conveyors; it is whether an inconpatibility 
with existing air systens can be tolerated econonically in the near term. So 
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the question of change is more difficult for those reasons of large invest- 
ments in current systems. This situation requires both civil and military 
operators to carry the ISO marine containers on slave pallets or platforms 
\fthenever there is a demand. 

In summary/ the present air system is cautiously moving toward the 
air-truck intermodality available with the M-2 containers. The slave pallet 
will continue to be required as long as there is any. Very few ULD's longer 
than 20 feet (6.1-meters) will be loaded, and when loaded will generally be 
pallets. The development of light-weight, non-flush bottom (air-included) 
intermodal containers and rollerless handling systems is unlikely in the near 
term but should remain as a viable option for the Advanced Intermodal Air- 
Cargo System. In the interim, additional new "standards" peculiar to the 
available flight equipment, such as the 96 x 196-inch (2.44 x 5-meter) pallet 
loaded through the side-door 747, may continue to be issued. 

Container Growth Trends - 

Air Containers: This discussion will be limited to the 8-foot (2.44- 
meter) gauge containes. The new family of 8 x 8- foot (2.44 x 2. 44-meter) 
cross-section containers is beconing somewhat a common ULD among the wide-body 
freighter-equipped carriers. The 20- foot (6.1-meter) M-2 container normally 
moves in a mix with lesser length containers and pallets. The most universal 
and popular 8 x 8- foot (2.44 x 2.44-meter) container is the end restrained 96 
x 125 X 96-inch (2.44 x 3.175 x 2.44-meter) M-1 container. Frequently this 
ULD is not really a container but an igloo and net over a pallet. It is note- 
worthy that the non-modular 125-inch (3.175-meter) ULD is, by far, more popu- 
lar than the modular 117.75-inch (3-meter) ULD; both are commonly called 
"10-foot" (3.05-meter) containers. 

Plying Tiger, followed by others, brought forth an increase in height from 
96 to 118 inches (2.44 to 3-meters) in a modification of the M-1 unit. This 
taller ULD, called a "shelf-pallet," is currently limited for use to carriers 
with the increased vertical clearance 747 side-door installation, and to those 
aircraft cargo floor positions aft of the elevated flight station/upper deck. 
Shelf-pallets are shaped in that one upper edge is scarfed to clear the 
structure of the available cargo envelope. This raised-height pallet fulfills 
a desire for increased height and volume. 

A failure to date to introduce the 30- and 40-foot length containers at 
all may be attributed to: (1) increased difficulty in handling loads of these 
lengths, (2) special ULD structural stiffness requirements for compatibility 
with 747 aircraft structure, and (3) inability to generate routine loads of 
this size. It is fair to state that present air freight methods have not 
created a significant demand for containers of lengths in excess of 20- feet 
(6.1-meters), although the 40-foot (12.2-meter) length containers offer ad- 
vantages in over-the-road transport and at shipper docks. 

The tI-2 container inventory at the end of 1977 is not large, but it is 
growing. According to Phillip L, Peoples, Director of Air Freight Systems at 
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^eing (ref. 38), "...there are now (Jan. 1978) 380 8 x 8 x 20-foot (2.44 x 
. 4 X 6.1 meter) containers used by air freight companies." 

Two trends are of significance relative to these containers and the air 
^ strong movement to the Type B containers with corner 
fittings, and ( 2 ), perhaps forecast with insufficient evidence, an earlv 
movement to container leasing. The first trend is important in that, by in- 
tegrati^ a "lift/set down" capability, the industry is pointing toward 
increased intermodality and the use of already developed handling and trans- 
port ^uiprent suitable for ground use. The introduction of container leasina 
will facilitate the growth of this type of air containerization as it reduces 
^pital costs and may reduce logistic control problems for the air carriers 
CTI, Container Transport International, is the initial provider of these con- 
tainers to the industry. American Airlines is the initial user. 

Surface Mode Containers: ISO containers (Table IV-3) easily exceed 

units currently. Warren Serrenbetz (ref. 25) predicted in 
1976 t±at new production of over two million units would be required to 
account for both the growth and replacement requirements in the 10 years to 
, 1 ' leasing company totals, as reported by tlie U.S. MARAD 

on ^5* numtered 503,241 at the end of 1976. The number of TEU's(6.1~meter/ 

20 f^t ^uivalents) was 713,060. James P. Thrasher of Interv/av (ref. 40 say^ 
the total world leased population is about 680,000 TEO's as of Januaiy 1978. 

The growth of the U.S. container fleet has slackened, especially in 
carrier^wned category. ^ In 1973, the growth over the previous year was 17 par- 
cent, ^ereas in 1976 it was 2 percent. For leased ownership, the fiqures 
were 27 percent for 1973 and 10 percent for 1976. The ratio of lessor-owned 
to carrier owned was 60:40 at the end of 1976 in these dcmest:c comparisons. 

Fiv^year growth trend curves for container length and for height of both 

° ^ 6.1-meter) containers are repeated from a MARAl' 

publication (ref. 16) in Figures IV-1, lV-2 and IV-3. The 20- foot (6.1-meter) 
ccpntainers outnumbered 40-foot (12.2 meter) containers 5 to 3, and as shown in 
Figures IV-1, are increasing that ratio a little each year since 1973. 

40 foot (12.2-meter) d^ van containers are reasonably stabilized 
Witt the 8.5 foot (2.6 meter) freight representing 87 percent of the total, 
and Figure IV- 2 shows 9-foot (2.74-meter) and 9.5-foot (2.9-meter) containers 
outnu^rir^ _8-foot (2.44-meter) heights by 3 to 1. Only in Figure IV-3 
providing height data for 20-foot (6.1-meter) long containers is there a 
pronounced current change in progress. Essentially all new 20- foot 
(6.1 TOter) long containers is there a pronounced current change in progress. 
Essentially all new 20-foot (6. 1-meter) dry van containers are 8.5 feet 
(2.6-meters) high. In 1972 the 8-foot (2.44-meter) to 8.5-foot (2.6-meter) 
height ratio was 93:7. At the end of 1976 it was 53:47. The trend to a 
greater height than 8-foot (2.44-meter) is, therefore, overwhelming in the 

length. In the 40-foot (12.2-meter) length, (97 percent 
total donestic inventory is of a height greater than 8-feet 
(2.44-meters). 
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Of interest in the inventory statistics is the inclination of the carrier 
to procure containers of aluminum construction. The lessor, who puts his con- 
tainer out to_ perhaps greater risk, buys a preponderance of the less 
expensive, heavier, and perhaps, hardier steel containers. 

In a nutshell, size changes in surface mode containers are directed toward 
maximizing volume efficiency. This needi for involved volume was generally sub- 
stantiated in the result of the use study reports from both shippers and 
carriers concerning potential container improvements. 

Intermodality - "What is intermodalism? Intermodalism consists of two 
factors; (1) containerization of the freight by the shipper in a special re- 
ceptacle designed to interface with the carrier(s) vehicle (s), and (2) unit 
transfer of the containerized freight between twc or more transportation 
modes." 

The above quote is froti an address by John H. Mahoney of Seaboard World 
Airlines (ref. 41) in 1974 when Seaboard was kicking-off their 8 x 8 x 20-foot 
(2.44 x 2.44 x 6.1-meter) "intermodal" operation. The quoted definition of 
intermodalism would be enhanced if it is understood that the "special 
receptacle" must be a standardized multi-mode ULD of suitable proportions to 
carry cargo in an economical manner and that the handling of the "unit trans- 
fer" and the transport between all modes be efficiently conducted. 

Fircm the long list of ULD's in Table IV— 1, only one container offers pro- 
mise of achieving strong intermodal acceptance and use. That container is the 
8 X 8 X 20— foot (2.44 x 2.44 x 6.1— meter) M-2 container. Those procured 
without corner fittings are_ limited to a life on roller conveyors, and truck 
movement calls for a roller ized flatbed. Those M-2 containers procured with 
corner fittings are^ intermodal in the sense that they can be lifted and set 
down with existing intermodal container lift equipment, can be transported on 
the highway on ISO chasses, can be stacked two high for both ocean transport 
and storage (top two locations only), and can be transported COFC (container 
on a flatcar) . 

Operational Container Test Program; During 1975-76, Air Cargo, Inc. in 
conjunction with American Airlines, Seaboard Wbrld Airlines, Air France and 
Northwest Airlines conductd an operational container test program using six- 
teen M-2 lype containers. The containers were manufactured by Brugge rmann & 
Brand, Fruehauf, and Messerschmitt— Boelkow-Blohm. The technical/functional 
phase of the test evaluation program was conplete by the Fall of 1976. The 
evaluation also included a structural test phase on a representative container 
of each type from each manufacturer, four containers in all. Frcm the tech- 
nical phase, problems were found in floor construction and in inadequate inter- 
nal tiedown. Problems also existed in truck dock interface with dock 
door- lower corner fitting incompatibility. Operationally, it was apparent 
there would be regulatory/legal pooling arangement problems. 

Subsequently , Air Cargo , Inc . ( ACI ) selected the MBB container and pro- 
posed a pooling arrangement to the airlines vi^ich would have been coordinated 
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and serviced by ACI. This proposal was not accepted by the airlines and was 
abandoned. 

More recently, in a limited follow-up, CTI, Container Transport Inter- 
national (the world's largest marine container lessor), purchased a number of 
containers M-2, Type B, with approximately a 2220— pound (960 kg) tare weight 
and 1165-cubic foot (33-cubic meter) volume from Transequip/Bruggerraann & 
Brand and leased 25 to American Airlines. American's program extends to all 
points served by the side-door 747 Fleet: JFK, ORD, DFW, SFO and LAX. Even 
more recently, the quantity of 25 containers has grown to 100. 

Ground Handling: Intermodal concept can exhibit important benefits in 

ground handling operation. Divided into four major subfunctions, the equip- 
ment and procedures for accomplishing each function vary widely as described 
below: 

o Stuffing/Stripping - An intermodal size container such as the 20-foot 
(6.1-meter) M-2 can be handled at the producer/shipper/user/consignee 
dock in the same manner as a 40-foot (12.2-meter) trailer. ^ On its 
ISO chassis the 20- foot (6.1-meter) container can be positioned at 
the shippers' loading dock and worked by conveyor belt, gravity con- 
veyer, fork truck, etc. The consolidation of this container by an 
air freight forwarder or carrier poses a problem, however, because it 
represents departure fran their normal use of smaller ULD's. They re- 
quire different handling equipment. The intermodal advantage lies in 
the off-airport consolidation/break bulk operation which allows the 
container to bypass the internal terminal operations on the airport. 
The container adaptability to a trailer means that it is easily trans- 
portable to and frail the airport. Cube utilization is directly re- 
lated to the stuffing/stripping function. Studies (ref. 42) indicate 
that; (1) cube utilization is 8 x 4 x 10-foot (2.44 x 2.44 x 3-meter) 
M-1 modules may be as much as 10 percent greater than that of 88 x 
125-inch (2.24 x 3.175-meter) contoured igloos; (2) containers 
exhibit a cube utilization that may be up to 10 percent greater than 
that for pallets of the same shape; and (3) little gain in cube 
utilization is ralized in module lengths greater than 20'. A more 
recent quantification states that the 20-foot (6.1— meter) M-2 
container provides about 8 percent greater cube utilization than two 
96 X 96 X 125- inch (2.44 x 2.44 x 3.175-meter) M-1 containers, even 
though the internl volumes are essentially the same. Certanly 
shipper— packed , routine, large— volume container loads (M-2 or larger) 
should maximize the stuffing efficiency/cube utilization in those 
cases where ' shipper packaging and internal container dimensions are 
ccmpatible. 

o Surface Transport - The, pick-up and delivery function is handled 
j-Qutinely with the container on a 20— foot (6.1— meter) container 
chassis which interfaces with and locks to the four lower corner 
fittings of the container. Two containers can be transported on a 
40-foot (12.2-meter) chassis. The PU&D charges for moving a 20-foot 
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(6.1 meter) chassis with container are generally the same as for itov- 
ing a 40- foot (12.2-meter) rig. Double-bottcm rigs, where legal, are 
helpful in increasing tractor and tractor driver productivity. 

Since the smaller air containers, especially the shaped containers, 
are much less efficiently handled in ground transport, they are kept 

near to or on the airport. These latter have no interrodal 
potential . 

° Cargo Terminal Handling - Most air cargo terminal facilities have 

been designed for handling of lower lobe containers and main deck 
igloos and pallets with base dimensions no larger than 96 x 125-inch 
(2,44 X 3.175-TOter). In general, current carrier plans do not en- 
compass modifying or expanding facilities for in-terminal handling of 
20- foot (6.1-meter) _ containers. This may reflect a wait-and-see 
attitude ^ . significant growth in 20-foot (6. 1-meter) container 

traffic is imminent. However, in the intermodal scheme of things the 
20-foot (6.1-meter)_ container is normally shipper-packed and, there- 
fore, bypasses the in- terminal functions and equipment except for the 
processing of a single air waybill. 

One carrier, substantially equipped to routinely handled M-2 
containers, is Lufthansa. This carrier's modern facility is euipped 
to nose-load with automated equipment and has installed in-terminal 
equipment of the stacker variety capable of vertical cellular storage 
of 20- foot (6.1-meter) containers. 

o Aircraft Loading/Unloading - A variety of mobile equipment items have 
been develop^ to support 20- foot (6.1-meter) container loading on 
the 747F main deck. These include: (1) mobile straddle cranes for 
transferring containers between storage yard and ISO chassis, yard 
transporter and weigh scales, (2) transporter vehicles which move con- 
tainers between the terminal or outside marshalling yard and the air- 
plane, and (3) main deck scissors or poster loaders capable of elevat- 
1^ 30,000 to 72,000-pound (13,600 to 32,660 kg) to a height of 
18-feet (5.5 meters) for interface with nose or side-door locations. 
There are few _ fixed _ nose-in loading equipment set-ups in the 
industry. American Airlines has procured and set in op>eration five 
Renner mobile straddle cranes. These top>-lift devices have a 
capacity for lifting/ transporting 64,000-pounds (29,030 kg) and are 
capable of transferring outsize cargo as well as containers. 

Lc^istic Asp»ects; Studies and experience shov; that pooling arrangements 
minimize the problems associated with repositioning of intermodal containers 
through multiple usage. These arrangements also enhance container avail- 
ability. Standard marine container pooling arrangements today make it possi- 
ble to lease containers (and chassis) on a short-term basis and return them to 
pools located throughout the world at a much lower cost than would be required 
to own the same peak container capacity. 
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At this stage in the development and use of 20-foot (6. 1-meter) air con- 
tainers, the four airlines (Air France, Lufthansa, American, and Seaboard 
World) v^ich regularly carry M-2 containers in their 747F's generally maintain 
control of the units within their own system. Each carrier has had problems 
unique to its op>eration; however, these are being solved with experience. 
Control seems to be the roost common problem. 

The system-to-linehaul ratio of 20-foot (6.1-meter) air containers is 
about 9 to 1, compared with the marine container ratio of 3 to 1. The marine 
container ratio is increasing due to longer linehaul distances and storage use 
as temporary warsehouses. The appreciably larger M-2 container ratio is a re- 
sult of the much shorter air linehaul time as conpared with a time of similar 
length for the ground segments of the total trip. The shipper via air in M-2 
containers can also leave the container on chassis and use it as a temporary 
warehouse, although he will incur rental charges after 48 hours if he does not 
own the container and chassis. The lessor pooling approach will probably be 
initiated later as the needs of this new area of intermodal containerization 
expand. 

In practice, an M-2 air container may be expected to turn over twice a 
week, whereas ISO surface mode containers are turning over aproximately twice 
a month. This 4 to 1 ratio ratio can produce air carrier revenues of a 
magnitude of $20,000 monthly as opposed to surface carrier revenues of $20,000 
yearly. Therefore, higher revenues as well as higher costs push the air 
carrier to seek out shippers who want to "move the shipment" and not the 
shipper who wants to "warehouse the. shipment." Container utilization is very 
critical in these bypass systems of shipper-packed M-2 containers. An extra 
day at the shipper and an extra day at the consignee will kill the ability to 
turn the container over twice in one week. 

Government Positions and Involvements; In August 1973, Robert Redding, 
then Director of the DOT Office of Facilitation, said (ref. 43), "Secretary 
Brinegar is today equally convinced that transportation should k)e viewed in an 
intermodal sense, and should not be considered separately in terms of air, 
highway, pipeline, rail or water transport ... through the combined efforts, 
cooperation and coordination of all the elements of industry concerned, and 
the government, the time will cane when a cargo plane will take a load of big 
intermodal containers and trailers, and deliver them to any place in the world 
just as easy as a plane today can deliver to the Nashville Airport a box of 
orchids from Honolulu." Also, "This is air cargo of toroorow. It is an indis- 
pensible part of the true intermodal movement of goods . . . The challenge is to 
make it happen without too much delay." 

Coincidentally, the time did cone when, as a part of Project INTACT, a big 
aircraft did take a load of big 8 x 8.5 x 40- foot (2.44 x 2.6 x 12.2-meter) 
intermodal containers and trailer and delivered them to the Nashville Airport 
(ref. 13). The time was October 1975. 

When the civil/camnercial air cargo industry slowly courses its way 
towards an intermodal system built around the M-2 Type B 20-foot (6.1-meter) 
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The primary customer of the U.S. Air Force is the U.S. Army. The Air 
Force itself is not highly motivated to containerization and especially not to 
large containerization. However, they are pleased to serve thir custoners 
needs. NO doubt the Amy has plenty of container izable cargo for contingency 
situations. In the civil air sector, the primary inhibitor to the growth of 
containerization to date is the insufficiency in volume of routine large truck 
load/container load shipments where such large shipments both originate and 
terminate from single parties. Military air is moving to containerization and 
intermodality, but like the civil air cargo operates, this movement is slowed 
because the cus toiler has not yet tendered routine, large-volume containerized 
cargo nor established an absolute hard-and-fast requirement for volume flows. 


Case Study Results on Containerization and Intermodalism 


Questions were posed in CLASS Case Study Shipper Books 1 and 3 and in the 
Carrier Book v^ich provide industry views on containerization, intermodality, 
and related subjects. An Advanced Air Cargo System (AACS) was described for 
the participants. The participants were requested to state their views regard- 
ing the rate of containerization in influencing increased future use of air 
shipments. This included: the advantages and disadvantages of air freight 
containerization, the importance of intermodal capability, and opinions and 
the size of present air mode containers. The results, and acconpanying com- 
ments, are presented in the following paragraphs. Not all participants sut>- 
mitted comments, but sane returned more than one comment. 

Container Size/Dimensions - Container size was the subject of more 
canments than any other physical characteristic. The following list of 


participants' canments indicate their 
cargo. 

desire 

for larger containers for 

CCMMENT 

COUNT 

NUMBER OF COMPANIES 
MAKING COMMENT 

Maximum legally allowable 
container dimensions 

6 

6 

Containers larger than present 
highway limits, 8 ft. (2.44 meters) 
wide, 13.5 ft. (4.1 meters) high; 
i.e., relax present limits. 

3 

3 

Increased container dimensions 
(not specified) 

3 

3 

High cube, 8.5 ft. (2.6 meter) 
or higher 

7 

7 



Containers of 45 feet (13.7 meters) 
long, like sane highway 

van trailers. 6 g 

Regular 40- foot (12.2-meter) long 

dry van-sized containers. 7 7 

Regular 20-foot (6.1-meter) long 

dry van-sized containes 6 6 

Containers within containers 
or smaller modular container 

to fit larger containers 5 5 

Containers in 10-foot 

(3.05-meter) lengths 4 4 

Container must acccmmodate 

multiple full pallet loads 3 3 

Standardization of container 2 2 

Specialized high-cube con- 
tainers to accommodate 
shipments of 7-10 motor 

vehicles 1 2 

Miscellaneous cotiments 
insufficient to conclude 

a significant trend. 6 6 

Over 70 percent of the cotiments about size specified that containers for 
the AACS should be at least as large as 8 x 8 x 20- feet (2.44 x 2.44 x 6.1 
meters). Over 50 percent desir^ 40-foot (12.2-meter) long or longer con- 
tainers . Each conment on a particular subject was made by separate companies 
as indicted in the above list under the column heading, "Number of Conpanies 
Making Comment." As noted previously, some conpanies made comments on several 
subjects relat^ to container dimensions. In the comments tabulated above, 24 
companies provided t±e 59 separate conments. Twenty-one, or almost 90 per- 
cent, of the companies commented that they desire large containers for the 
AACS. 


Only a few comments could be braodly interpreted to show acceptance of 
current air freight container physical features other than, perhaps, the M-2 
container. Interestingly, several shippers anphasized that 8.5-foot 
(2.6-meter) or higher containers provide a 50 percent increase in the product 
units loaded, compared with 8-foot (2.44-meter) containers. The push for 
increasing the size of future containers by so many shippers illustrates their 
need for volume as they cube out containers in much the same manner as 
freighter aircraft are cubed out before achieving payload weight limits. 


Several shippers spoke to 10-foot (3.05-ineter) modular containers and/or 
internal modularity. 

Container Special Capabilities/Features: The majority of these conments 
relate to requirements for refrigerated, insulated, heated, vibration- or 
chatter-resistant, or heavy/concentrated load strength capabilities. 
Ihirty-four comments were provided by 19 companies. About one- third of the 
comments indicate that 58 percent of the companies desire heat and/or 
refrigeration, insulation or waterproofing. Temperature control capability 
adds significant weight to the container as well as increased cost. These 
features also sometimes reduce the cube available in the containers due to 
insulation and equiment. Almost 15 percent of the conments indicated a need 
for load restraint, load protection, or load isolation devices. Four specific 
comments state that the container should be of sufficient strength to handle 
heavy machinery parts and components of odd size and shape, American Airlines 
M-2's will not. 

Almost 40 percent of the comments relate to specialized requirements of 
shippers such as internal floor conveyors, external fork lift fittings, bulk 
loading/unloading capability, internal double decking, hydraulic lift tail 
gates, security locks, and no roll-up doors. These comments are tabulated 
below. 


COMMENT ro OF 

(CONTAINER FEATURE EESIRED) COUNT CdlPANIES COtlMENTING 

Protective Service (heat, refrigera- 
tion, insulation, waterproof) 

Load- restraint, load protection, 
or load isolation 

Sufficient strength to handle 
heavy loads of odd size and shape 

Rapid loading/unloading devices 

Internal double-decking 

Other specialized requirements - 
hydraulic tail gate lifts 
bulk loading/unloading 
no roll-up doors 
floor conveyors 
fork lift fittings 
compatible with rail car rails 
removable climate control units 
door-to-door security 
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Degree of Intennodality: Seventy-six percent of the coipanies ccmrenting 
on intermodality desire to see all-node (air-sea-rail- truck) intemodality. 
Thirteen percent feel that air-truck intermodality will be sufficient and 
adequate. The ccmments and number of comparisons providing conraents are shown 
below: 

NO. OF COIPANIES 

QCMMENTS COUNT CCMMENTING 

All Modes 11 10 

Air/Truck Only 2 2 

Other 2 2 

Other Physical Characteristics: The participants also provided comments 

on the other desired physical characteristics listed below. 


CCMMENTS 

OCXJNT 

NO. OF CaiPANIES 
COMMENTING 

Terminal facilities 

9 

7 

Aircraft characteristics 

8 

7 

Interface with shipping. 

receiving, storage 

7 

7 

Container mcunting of 

hauling vehicle 

4 

4 


The comments were made in response to a question that asked the participants 
to indicate specific physical characteristics of the _ AACS that would be im- 
portant to them. More canpanies (13) were interested in intermodality than in 
other physical characteristics such as terminal facilities (7 companies), air- 
craft characteristics (7 ccmpanies), interface with shipping, receiving, 
storage or container mounting of hauling vehicles (4 companies). 

Advantages and Disadvantages of Containerization: A series of questions 

requested the participants to express their viewpoint based on their 
experience as to the advantages and disadvantages of containers. The tabula- 
tion of comments provided on the advantage is shown below. 

NO. OF COMPANIES 

CCMMENT COUNT CCflMENTING 

Reduces Loss, Damage, Perishabilty 26 16 

Reduces Physical Distribution Func- 
tional Costs, Handling, Packaging 
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19 


12 


Inventories, Labor 

Reduces Transportation Costs 14 

Improves Transportation Efficiency 11 

Simplifies Transportation and 
Distribution 7 

Reduces Transit Time 7 


13 

9 

6 

7 


The participants' ccsnments on the disadvantages of containerization are 
noted below. 


NO. OF CaiPANIES 

COMMENTS COUNT COMMENTING 

Equivalent Capacity, Convenience or 
Utilization, Too Small, Difficult to 

Handle, Odd Sizes 9 8 

Equipment Unavailability 9 7 


High Costs, Capital Investments 8 


6 


Limited Geographic Scope 

Limited Origin - Destinations, 

Required Secondary Feeder System 5 4 

Container Utilization Constraints 

Can't Achieve Weight Minimums 4 3 

Equipment Features, No Tiedowns, 

No Padding Condensation 3 2 

Terminal Handling Problems 

Marshalling Time, Storage Space, 

Break Bulk Delays 3 3 

Although the count of conments on advantages outweighs the disadvantages 
two to one (84 to 41), it is more significant to note that many of the dis- 
adv^tages relate to the fact that the available containers do not have the 
desired characteristics. For example, disadvantages cited most often, equip>- 
ment capacity_ convenience or utilization, relate to limitations cited by the 
participants in the questions about desired characteristics or features of con- 
tainers, ^ not particularly to the disadvantages of containerization itself. 

Opinion On Present Air Containers: The participants were asked to give 

their opinion about the air cargo containers that are currently available. 
The tabulation of their comments is shown below. 
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Opinion of Present Air Containers - Unfavorable: 


OOMMEOT 

COUNT 

NO. OF compan; 
COMMENTING 

Container Size and Shape 

35 

20 

Other Physical Limitations, Weight 
Limitations, Too Flimsy 

7 

3 

Equipment Un-Availability 

6 

5 

Limited Intermodality 

3 

3 


Adverse opinions are predominantly directed at the size and shape of the 
present air containers by shippers/consignees who routinely make and receive 
large shipments. A typical large volume shipper commented: "We tried to use 
present air carrier containers (igloos) but couldn't get a trucker to handle 
them, couldn't get them high enough to our dock ..." Another stated: "It 
would be an inhibiting factor for air freight if we needed to construct 
special facilities to handle air containers. It would also reduce our produc- 
tively . . . and ... It would be an advantage to shippers if future air freight 
containers could be dropped off at the shipper's dock on bogies so that 
adequate packing and load generation can take place." 

Opinion of Present Air Containers - Favorable: There were just eight 
favorable responses spread over such factors as: less damage, excellent for 
small package freight, and money saver in reduced packaging costs. The eight 
ccmments were provided by six ccmpanies. 

Importance of Fully Intermodal Containers for AACS: Participants were re- 
quested to rate on a scale of zero (unimportant) to 5 (essential) their 
opinion of how important it is that future air system containers be fully 
intermodal. The number of responses for each numerical rating of importance 
is shown in Figure IV-4;; the average is 4.03. A comparison question asked 
the participants to rate on the same scale, 0 to 5, the importance that con- 
tainerization procedures at shipper/consignee facilities be compatible with 
surface- freight processing procedures. The number of responses for each 
numerical rating for this question are shown in Figure IV-5; the average 
rating for these responses is 4.13. The responding shippers here feels strong- 
ly that the future air system should use intermodal containers which are fully 
conpatible with surface- freight processing means and methods. Reduced handl- 
ing time and cost, increased cargo protection, and need for unit load from 
origin to destination were the main supportive citations. Figures IV-4 and 
IV-5 clearly shows the shippers' insistence that fully intermodal containers 
are essential and that they feel the air freight system should be conpatible 
with the surface system. 

Company Position re Shipper vs Carrier Stuffing of Containers; The 
opinion expressed by 63 percent of the conpanies is that shipper loading is 
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RESPONSES 



NOT 

IMPORTANT 

IMPORTANCE RATING 


ESSENTIAL 


FIGURE IV-4. IMPORTANCE OF FULLY INTERMODAL CONTAINERS 

(FUTURE AIR SYSTEM) 



NOT 

IMPORTANT 


ESSENTIAL 


IMPORTANCE RATING 


FIGURE IV-5. IMPORTANCE OF CONTAINERIZATION PROCEDURE COMPATIBILITY 
SHIPPER/CONSIGNEE VS. SURFACE CARRIER 
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either highly desirable or imperative. Eleven percent were neutral and eleven 
percent favored carrier loading. Majority comntents felt that shippers are 
nore familiar with proper handling and loading of their inaterial, and best 
utilization of alternative types of equipnent. Shipper loading also helps to 
ensure prompter dispatch of loaded containers. 


Container Acquisition and Maintenance Costs 


Due to the limited quantities produced of the new ft-2 air containers, the 
unit cost for the first few containers has been about $8500 to $9000, roughly 
three to four times the cost of 20-foot (6.1-meter) ISO marine containers. In 
the following comparison between air and surface mode (marine) containers, the 
quantities of air containers in a production run are obviously minimum in 
scale compared with the large procurement quantities of the latter. Acquisi- 
tion costs are in 1977 dollars. 


20-Foot Length 

Acquisition Cost 

Service 

Avg. Maint. 
Cost % Acq. 

Container 

Cost/Year 

$/Unit 


Life/Vears 

Air (Type B) 

8000 

5 est 

25%/year/9/ 

Marine - Alum. Alloy 

3000-3200 

10-15 

4-7%/year 

Marine - Steel 

2200-2400 

10-15 

4-7%/year 


A higher production run on air containers in same year dollars might 
reduce this figure to $7000. Further reductions are unlikely, as the lighter 
weight and higher strength materials and alloys will not result in a substan- 
tial further decrease. 

A nose-loading 747F can handle as many as thirteen M-2 containers, and 
nine can be handled in a side loader. With a need for nine or more (ref. 32) 
containers in the system for each in the air, one 747F aircraft could require 
an inventory of fron 80 to 120 containers at a cost of $650,000 to $1,000,000. 
Costs like these both slow down the introduction of these containers, and 
cause the carriers to look to lessors. 

Surface mode container maintenance does not accrue on a container per year 
basis but on a per/incident basis. Average cost/container/year as given are 
based on the year's maintenance cost for a fleet of containers. These con- 
tainers are generally long lived. Richard H. Finn of IGS, Integrated Con- 
tainer System, says (ref. 45), "We're not scrapping a lot. We'd rather recon- 
dition a container for $400 to $500 and keep it in the fleet for another eight 
to 10 years." Another executive fron the field said in 1977, "There are more 



than 1,500,000 cargo containers in use in the warld at this time... It vrould 
be reasonable to assume that as many as 105,000 containers are overdue for re- 
tirement, vrtiich is only seven percent of the total number presently in service 
.. . Now you can't find hide nor hair of a used container..." 

Indirect Operating Costs (IOC's), which include the ground handling costs 
for cargo, are addresed separately in Section V of this report. In that dis- 
cussion, a conparison is made between conventional air cargo system and inter- 
modal air cargo systems. The former covers bulk and small, odd-shaped con- 
tainer loads substantially involved with today's on-airport facilities, equip- 
ment and manpower. The latter is for routine large shipments consolidated off 
airport and requiring only an austere minimum of on-airport support for the 
handling of by-pass containers. In the cargo terminal discussion in Section I 
covering current air cargo systems, additional data are provided relative to 
containerization and related labor equipment and facilities costs. 


Operational Aspects 


Air cargo, is handled in many different fashions. 

The type and levels of service, along with the rates, vary considerably. 
Containerization is integral to the operation of seme schemes but not others. 
Table IV-4 is presented to show a spectrum of air cargo/air express handling 
concepts. It is acknowledged that some concepts presented are simply append- 
ages to the more basic systems, providing some form of specialized service. 
Two of the three specialized parcel-handling schemes, the small package and 
Federal Express, do not use any part of the regular air-carrier type of cargo 
system. The contract charters may use equipment identical to that of a 
scheduled air freight carrier, but they operate irregularly without cargo term- 
inals and frequently from non-hub airports. A short description of each handl- 
ing system is presented below to amplify the content of Table IV-4. 

Small Package Expedited Dispatch Service - In this system the shipper 
delivers the package directly to the passenger check-in counter area, prepays 
or charges the fee, and is assured the package will move out on the first 
passenger aircraft to the particular destination. At destination, it is in- 
cumbent upon the consignee to pick up his package at the passenger baggage 
area after notification by the shipper. The service is rather analogous to 
the package system provided by Greyhound and Trailways bus lines. 

Federal Express - This premium door-to-door small package service operates 
entirely outside of the air carrier field. The system operates on a central 
hub (Memphis, Tenn.) basis with all packages moving through the central hub. 
Federal Express picks up the packages at one of 75 cities (in 1976), puts it 
on their aircraft, flies it to Memphis, puts it through their hub terminal, 
flies it to the destination city, puts it in a truck, and delivers it. The 
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TABLE IV-4 

AIR CARGO/AIR FREIGHT SERVICE SYSTEMS 


Air Freight 
Pcchcge Handling 
System Description 

Package 
Size Limit 

Type of 
Aircro ft 

PU&D 

Included 

Pick-Up 
Time of Day 

Level of 
S'^rvice 

Rates 

Container 
By-Pass Term 

Remofks 

Small Package 
Exoedifed Dispatch 
Service 

Porcel 

Sched Pax 
or Combi 

No 

NA 

Next Pox 
Fit Out 

Premium - 
Air Porcel 

NA 

Utilizes Air Carrier Baggage 
System 

Federal 

Express 

Packet or 
Smoll Parcel 

Falcon Jets 
& Other 

Yes 

Daytime 

Overnight 
& 2nd Day 

Premium - 
Air Porcel 

NA 

Private Airline Using Central Hub 
Distribution Concept 

UPS 

Sluelobei 

Parcel 

Sched 
Freigh ter 

Yes 

Daytime 

2nd Day or 
Later 

Premium - 
Air Parcel 

Yes 

Air Parcel Post - Limited 
Geogrophically 

Priority 
Air Freight 

LD or Moin 
Deck ULD 

Sched Combi 
or Freighter 

No 

NA 

Next Combi 
Out 

Premium 

No 

Must be Tendered X-Minutes 
Prior to Flight 

Air Freight 
Forworder 

LD or Main 
Deck ULD 

Sched Combi 
or Freighter 

Yes 

Both Daytime 
& Pickup at 
End of Doyshift 

Conventional or 
Daylight Overnight 
or 2nd Day 

Reguldr or 
Discount 

Frequently 

Level of Service Hurt Badly by 
Shrinkage of All-Cargo Aircraft 
Service 

Daylight Rate 
Freight 

LD ULD 

Sched Combi 

Nof by Carrier 

Daytime 
Tendering Only 

2nd Day 
Delivery 

Discount 
(IncentI ve) 

Sometimes 

Born of the Excess Belly Capacity 
in Wide-Body BeMies 

Conventional All- 
Cargo Aircraft 

Main Deck 
ULD 

Sched 

Freighter 

Not by Carrier 

At End of 
Day Shift 

Overnight 

Regular 

Someti mes 

Current All Freighter Service^ 
General ly 707, DC-8 or 747 
Equipment 

Advanced Intermoda! 
Air Cargo 

8 X 8,5' or 
Higher Lengths 
to 40' 

Sched 

Freighter 

Not by Carrier 

As Required 

Overnight 

Regular - VOL 
Incenti ves 

Always 

Future System With Undefined 
Future Aircraft 

Charters 

Aircraft 

Compartment 

Non-Sched 

Freighter 

No 

NA 

Special 

Negotiated 

NA 

Con be Performed by Scheds but 
More Commonly by Non-Sched 


(Supplementals) 

IN ADDITION, THE U. S. POST OFFICE OFFER AN OVERNIGHT AIR PARCEL POST SERVICE TO/FROM A LIMITED NUMBER OF CITIES 
AND POPULATION CENTERS. ALSO, THE U. S. MILITARY HAS SYSTEMS FOR CHANNEL TRAFFIC AS SPECIAL AIR MISSIONS AS V/ELL 
AS CIVIL CONTRACTED LOGAIR AND QUICK TRANS. 


hub systern Gssentislly limits the tot;ii 4-/-* • t 

though the operation serves many citlef SSal F^nre^"^ a al- 

establishment of some suDoSinfa^, 1 Express <toes contemplate the 

larger aircraft than the® S^on %ts ft sTarfi wS ==“'’=’tantially 

operates its fliqhts at niaht if rdra • with. Recause Federal 

percent overnight. However^ it now markets ino 

special parts service fr«n ? f --^-^tvlce, and a 

to serve many non-maior hub airmfe ®®°" '’ts ability 

flight frequfncte, afd SLlalS in alSrer^^^^ 

night), 'Ibis fact nlnt? thc^ riomic^ gt , • ^ freighter aircraft (which flew at 
Federal Express. ' ^ ^ Express, has fostered the growth of 

twee ^Srn^°^,^U hg^'^SL."*''% 

delivery and processinq hubs with fh existing pick-up and 

line h2l in ?L ®*tler for the 

that which moves in contaiW^oaa ^ot? movement. URS consolidates most of 

ed, but UPS uses the largest suitable'ohD'stflteirsh^f^?''' 
carriers to''expedite®ite''handiiJf e*n^rq«cyTre7qht''m^fch®in®u"^^ 

Srrtf ^ie&eSnin be"t*„\Tth™®!f 

time to catch the next flight out. This is a preniS.'tewicf!™""'’’'’ "" 

usi #Lrfi;rrLf°s”,ySs .' ?he forwanter is the major ship.er 

consolidator for many small shioners P^k-up and delivery man and 

the air carrier provides jusftfrH;^h^^S f shipper-stuffed containers, 
era have contracted for sutetantianterter fltht^'^^ 

money "fr™®taS;^g ™itIp2 

fm t’s: sisr v^sShf -ff-ffr o?^crkCr-s 

hours (nonmal irking day, and Se Sr£r ' ter^lS“th?s““fei!f^^^ 

d"?s;®rt“aSi' --r : 

cargo is containerized in the LD tLlly of contaiS. ^11 this 

5%"HfrF5’H?i"^S S-SI 

£Luy ?;sis ^fCr TvCicta^iirirth*"*”^^ H- of 

y calls tor availabilitv at the air terminal dock by around 9 a.m. and 
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dGlivsry during thG day, ULD's usGd in this sGEvicG covGr thG whole air 
family, but the emphasis is on the large main deck units, "A" containers or 
LI>7, -11 's for narrow-body main decks, and the W-1, and M-2 for wide-body 
main decks. LD units are used in wide— body bellies. This service includes 
that 747 service with 20-foot (6.1-meter) containers as performed by Seaboard 
World, Lufthansa, Americ^, and Air France. Rates are what must be called 
regular or standard, meaning they are neither premium nor are they discounted. 

Advanced Intermodal Air Cargo - This future system, for 1990 and beyond, 
is described in the "white" case study book, furnished all case study partici- 
pants, and entitled, "1990 Transportation Scenario and Advanced Intermodal Air 
Cargo System Concept" (Appendix I-D) . In brief, the system will use an 
advanced- technology air freighter optimized for cargo carriage. The freighter 
will serve major dc^stic and international trade routes, primarily on route 
distances of 800 miles (1288 kilometers) or greater. The aircraft will 
operate from regional cargo airport centers, vrfiich may be separated frexn 
congested passenger airports. The system will provide mass air movements on 
routine schedules consistent with the needs of large-volume shippers. The 
system will be coordinated surface-to-air- to -surface operation. The motor 
carrier industry will perform connecting services between air mode shippers as 
well as connecting services with rail and water modes. The aircraft will have 
full intermodal ccxnpatibility with the surface transportation segments. A 
f^ily of all mode ULD's will have been developed v^ich are suitable for both 
air and surface use. Those load devices will be interchangeable among all 
modes and not captive to any mode. Surface carriers will have the option of 
offering air service to their custemers as a segment in a door-to-door through 
movement both dcmestically and internationally. 

Charter - Charter flights are contracted for by the aircraft load. 
Charters are a mixed bag, as the cargo may be anything from animals to prefab 
buildings to outsize machinery, and is not necessarily palletized or container- 
ized. It is an irregular, non-scheduled type of air cargo business, and 
"rates" ^ is an inappropriate term, since charters are bid/negotiated as each 
need arises. Both narrow-body and wide-body aircraft are used in this work. 


Summary of Findings 


Air containers come in many sizes and shapes. These containers are 
generally built to maximize the use of the cube of the aircraft. ISO marine 
containers are of rectangular shape and in sizes v^ich maximize their 
volumetric efficiency over the road. The over-the-road movement is the one 
type of movement v^ich provides connectivity between modes and v^ich is conmon 
to all cargo movements. Since most air containers are very inefficient for 
use in ground transportation, they are 'not used off— airport in ground trans- 
portation. 
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such a system is available as much can be borrowed frcxn the surface trans- 
portation industry. 

Serious problems exist internationally with respect to a lack of decent 
rate incentives for containers. Incongruously, it is often less expensive to 
ship goods alone (loose), under specific canmodity tariffs, than to contain- 
erize under FAK container tariffs. Dcxnestically, large containers v^ich are 
captive to the all-cargo aircraft are at a disadvantage to compete in seme 
markets with fully allocated costs against many promotional/by-product rates 
such as daylight container rates. 

Near-term developnents which will aid in development and furtherment of 
in te modal schemes are the increasingly high weight breaks for large, 
king-sized shipments tendered in large, wide-body, main deck containers and 
contract pricing for multiple containers and/or blocked space. 

Air containers are three to four times as expensive as surface containers, 
and they are expected to cost more to maintain and to have a shorter service 
life. However, the air container will be more productive per unit time for 
the air line-haul time versus surface line time. They cannot be expected to 
have a advantage during ground transport and handling time, but due to their 
higher cost, they are much less likely to be allowed to sit at shipper/con- 
signee docks performing warehouse functions. 

Containerization of shipper-stuffed loads in large intermodal containers 
using austere on-airport handling and aircraft interface equipment and 
terminal bypass procedure can put freight servicing/ICX] costs in perspective, 
and provide a viable alternative for some shippers in the high in-terminal 
handling costs reportedly running bo half of the freight bill paid. 

This report expresses the result that the air cargo industry should be 
responsive to the needs of the high volume shipper, and should engender as 
much compatibility as possible with the surface mode container transportation 
sytem which presently represents: 

o Over 1.5 million containers 

o Over 400,000 container cells on ships 

o Vessels carrying 2000 TEU's at speeds in excess of 25K 

o In-port turn-arounds measured in fractions of days 

o Advantages of use of pooled equipment 

o Over-the-road suitability . 

In containerization, and the related ramp and aircraft interface equipment, 
progress certainly is not awaiting a technological breakthrough. The con- 
tainer is, indeed, the key element in an intermodal freight system and in an 
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advanced air cargo system but the real missing ingredient is the sufficiency 
of routine large-volume shipments, with shipment volumes of a size to 
originate container load shipnents to single consignees. Much of the remain- 
der of this report is directed toward this subject. 


4-41 



V - AIR CARGO .SYSTEMS ANALYSIS 


Introduction 


This section analyzes interdependencies between air^ cargo volume, air 
cargo rates, costs of operations, service frequencies, and ^ operator 
profitability. Not all of these relationships consist of ^ first-order 
interdependencies; second; third, and higher-order interdependencies can also 
be found. While not all possible interdependencies are investigated in this 
analysis, it is necessary to control all factors systematically so that the 
analyses will not be contaminated by effects of interdependencies not under 
investigation in the specific instance. 

The analytical tool used is a set of interrelated ccmputer programs . The 
methodology used varies from task to task, but these details are not 
fundamental to understanding the systems analysis. Knowledge of the tool and 
the inputs used in the analysis is, however, fundamental to understanding and 
interpreting the results of the analysis. Therefore, descriptions -of the set 
of coirputer programs and the scenarios on which these inputs are based are 
provided under Methodology. Subsequent subsections reference that description 
and explain the additional input and scenario changes that are made to 
investigate the various other relationships. 


Methodology 


Air Cargo Analysis System - The analysis systan shown in Figure V-1 is a 
set of computer programs that represent many of the interdependencies between 

paj^ameters in air cargo operations. Information on candidate aircraft is 
develcped in a generalized aircraft sizing program. The Aircraft Cost and the 
Direct Operating Cost programs provide the cost of manufacturing the aircraft 
and the direct operating cost for the candidate aircraft, respectively , based 
on the aircraft characteristics. The output of these programs and other data 
are the input to the linear program that characterizes a representative air 
cargo operation. The linear program provides the operating characteristics 
that maximize airline operator earnings. That is, activities that represent 

cargo airline operations conbine the resources available for each specific 
situation to produce maximum earnings. Each solution becomes a data point to 
identify trends or sensitivities related to the particular interdependence 
under investigation. 

One of the essential inputs, as shown in Figure _ V-1, is the air cargo 
demand, many of the interdependencies between elements in air cargo operations 
are inherent in the factors that characterize the demand. First, for each 
condition to be investigated, there is a specific volume or magnitude of 
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demand for air cargo transportation between specific points. This requires 
the development of a representative route system and forecasted volume of 
demand. Another factor that characterizes the demand is the frequency of 
service. The interdependency between frequency of service and demand volume 
is represented by a frequency-demand function that can h>e varied between 
boundaries. In addition to frequency of service, demand is interdependent 
with the payload capacity available on the routes. There must be sufficient 
aircraft capacity on each route to carry the demand; thus, a demand-capacity 
function is included in the demand inputs. 

The rates to be charged for transporting the cargo between the points on 
the route network is also a factor in the demand function. The cost of 
operating the aircraft on each route is subtracted from the total revenue 
generated fron transporting the cargo. The result is the earnings for that 
specific route. 

In summary, the air cargo demand function in the air cargo analysis system 
shown in Figure V— 1 consists of factors for volume, route network, frequency, 
capacity, and revenue. 

The diagram in Figure V-1 has feedback to complete the loop analysis. The 
feedback is shown by broken lines to indicate that the system is operated open 
loop. That is, the adjustments to the input are not automatic; they are made 
manually on the basis of the trends shown by the output. In open-loop 
systans, the analysis proceeds in the following manner: A spectrum of inputs 
is selected such as the demand spectrum described and a series of candidate 
cycled several times to produce a series of outputs. These outputs are 
analyzed to identify trends and salient characteristics. Changes to the in- 
puts may then be selected to investigate more thoroughly or perhaps to "fine 
tune" the system. The fundamental products are trends and sensitivities of 
specific functions to changes in certain variables. 

In the following paragraphs, the technical matters concerned with the 
development of the spectrum of basic input data for the air cargo analysis 
system are described. 

Candidate Aircraft - The characteristics of the candidate aircraft that 
were us^ on ^1 the runs of the LP were determined by iTieans of Lockheed's 
Generalized Aircraft Sizing Program (GASP) . GASP is a comprehensive program 
for use in preliminary design and can provide much more detail information 
than is necessary for this project. Two families of high-technology trans- 
ports were identified as candidate aircraft for this project, one to service 
the domestic network and a longer— range fami.ly to service the international 
market. The families of aircraft were selected by specifying certain mission 
r^uirements and establishing boundaries that, based on judgement, should have 
wide enough range to include the forecasted demand under the various scenarios 
for market growth tliat may be available. The prime mission parameters and the 
characteristics of the families of domestic and international aircraft select- 
ed are given in Table V-lE. While a great deal of information is developed 
about the candidate aircraft by the aircraft sizing computer program, the 
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TABLE V- IE. AIRCRAFT CHARACTERISTICS 


A/C Designafion 
DOMESTIC : 

D-70 

D-125 

D-220 

D-330 

Payload, Lb 

71,000 

125,000 

220,000 

330,000 

TOGW, Lb 

242,640 

377,999 

583,937 

834,927 

OWE, Lb 

101,237 

149,347 

212,213 

292,872 

Unit Engine Wt, Lb 

2,382 

3,929 

6,415 

9,862 

Unit Engine Thrust, Lb 

17,041 

26,485 

40,791 

59,585 

Number of Engines 

4 

4 

4 

4 

Crew Size 

3 

3 

3 

3 

Range, Mi 

3,450 

3,450 

3,450 

3,450 

Cruise Speed, M. 

.85 

.85 

.85 

.85 

Takeoff Dist, , Ft 

8,000 

8,000 

8,000 

8,000 

INTERNATIONAL 


1-125 

1-220 

1-330 

Payload, Lb 


125,000 

220,000 

330,000 

TOGW, Lb 


464,174 

708,789 

1,012,078 

OWE, Lb 


169,113 

242,372 

343,746 

Unit Engine Wt. , Lb 


4,280 

6,941 

10,134 

Unit Engine Thrust, Lb. 


28,558 

43,725 

62,353 

Number of Engines 


4 

4 

4 

Crew Size 


3 

3 

3 

Range, Mi. 


5,500 

5,500 

5,500 

Cruise Speed, M. 


.85 

.85 

.85 

Takeoff Distance, Ft. 


10,000 

10,000 

10,000 



TABLE V-IM. AIRCRAFT CHARACTERISTICS 


A/C Designafion 
DOMESTIC 

D-70 

D-125 

D-220 

D-330 

Payload, Kg 

31,950 

56,250 

99,000 

148,500 

TOGW, Kg 

109,188 

170,099 

262,771 

375,717 

OWE, Kg 

45,557 

67,155 

95,495 

131,792 

Unif Engine Wt, Kg 

1,274 

1,768 

2,886 

4,438 

Unit- Engine Thrust, Kg 

7,668 

11,018 

18,356 

26,813 

Number of Engines 

4 

4 

4 

4 

Crew Size 

3 

3 

3 

3 

Range, Km 

5,520 

5,520 

5,520 

5,520 

Cruise Speed, M. 

.85 

.85 

.85 

.85 

Takeoff Dist. M 

2,400 

2,400 

2,400 

2,400 

INTERNATIONAL 


1-125 

1-220 

1-330 

Payload, Kg 


56,250 

99,000 

148,500 

TOGW, Kg 


208,878 

318,955 

455,435 

OWE, Kg 


76,100 

109,067 

154,685 

Unit Engine Wt. , Kg 


1,926 

3,123 

4,560 

Unit Engine Thrust, Kg 


12,851 

19,676 

28,058 

Number of Engines 


4 

4 

4 

Crew Size 


3 

3 

3 

Range, Km 


8,800 

8,800 

8,800 

Cruise Speed, M. 


.85 

.85 

.85 

Takeoff Distance, m. 


3,000 

3,000 

3,000 
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fundamental aircraft information required for costing is the size of the 
aircraft and the level of technology. Another factor that affects aircraft 
costs is the production break-even quantity used in the costing program. The 
quantity of aircraft required to meet the market is a function of the size of 
the aircraft and the frequency of service required so there is a relationship 
between the aircraft payload and the quantity required to satisfy the air 
cargo demand. 

Direct Operating Cost (DOC) is also calculated in a computer program. The 
calculations are based on the 1967 ATA method which was developed through the 
cooperation of Lockheed, Boeing, and Douglas (McDonnell-Douglas) (ref. 2). 

Direct Operating Cost Elements: The DOC cost elements described in Ref. 2 

are listed below; 

1. Flying Operations 

a. Flight Crew Costs 

b. Fuel and Oil 

c. Hull Insurance Costs 


2. Direct Maintenance - Flight Equipment 

a. Labor - Airplane 

b. Material - Airplane 

c. Labor - Engine 

d. Material - Engine 

e . Maintenance Burden 


3. Depreciation - Flight Equipment 

a. Total Aircraft Including Spares 

Indirect Operating Costs (IOC) are a function of the aircraft type and the 
cargo flows and are calculated by a method developed by Lockheed (ref. 3). A 
conplete description of IOC is given in a subsequent paragraph v^ere the 
relationship between IOC elements and earnings will be evaluated. In the 
analysis of the impact of air crago volume on airline operator profitability, 
the IOC values used are representative of the scenario. 
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Linear Program - The objective function of the Lp (Linear Program) is to 
maximize earings where earnings (E) are the revenues (R) for the 
transportation of air cargo minus the costs (EXX + IOC): 


E = R - (DOC + IOC) 


The earnings are maximized subject to constrainti' that are typical of airline 
operations, for example, the number of flights of each type of aircraft into 
and out of each city must te balanced. Also, the cargo flow cannot exceed the 
payload or cube capability offered. Other constraints involve the 
frequency-demand function and the capacity-demand function. In effect these 
functions o^rate to regulate the demand. "'That is, for each route there is a 
certain maximum magnitude of demand in tons. The linear program must balance 
the fr^uency of service offered and the aircraft capacity offered against the 
specified frequency and capacity curves for each route. For example, if the 
demand between two points is 100 tons (90 metric tons) and the specified 
frequency function requires frequency of service of two or more, the LP must 
allocate frequency of service so that the total frequency offered on the route 
is equal to two or more, or the demand value of 100 tons (90 metric tons) 
will, in effect, not be generated. If all other constraints in the program 
are satisfied and the frequency for this particular route is only one, the 
total demand for the route would be limited to less than 100 tons (90 metric 
tons) , with the exact value depending upon the frequency-demand curve input; 
if a straight line segment from 0 to 2 is input, the value for a frequency of 
one will be 50 tons (45 metric tons). The capacity-demand function constrains 
the LP in a similar manner. Finally, the two demand functions, frequency and 
capacity, are conbined to determine the value actually used in the solution. 

Scenario — Certain operating concepts for the 1990 air cargo system were 
given by NASA in the work statement; others were developed by Lockheed in the 
1990 Transportation Scenario (Appendix I-D) , and are the basis for the scenar- 
io used in this sMy to analyze a typical air cargo operation. Specific de- 
tails of the scenario elements are described in the following paragraphs. The 
values of the parameters of this typical operation will be the input for the 
optimization program described in the previous paragraph. 

The elements of the scenario are shown in Figure V-2. In the following 
paragraphs, each element is described, and the values or spectrum of values 
necessary for the analysis of airline operator profitability in relation to 
air cargo volume are specified for input into the linear program. 

The magnitude of the air cargo demand. Figure V-2, for the doiiestic and 
international route system described later is varied between the 1990 lower 
boundary and the 1990 upper boundary in steps. The demand- frequency function 
employed is a one-segment straight-line function varied fron 1 to n as shown 
in Figure V-3, where Dj equals the total available demand for the route. The 
specified frequency, 1 to n, is the minimum that is required for the demand 
Dj. The frequency constraint is stated as: "greater than or equal to n,"; 
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frequency must equal n to cause Dp but may be higher as 
cessary to develop maximum earnings. Lesser frequencies may be selected, 
but they cause lesser demand. 

The use of this linear demand- frequency function results in a fixed 
ra^mum dema^ that is present whenever the frequency requirement is met. 
Thus, total demand on each route segment is not a function of frequency. That 
IS, increas^ frequency above the requirement will not increase the demand. 

cSLSSs reduced belcw the frequency requirement by other 

constraints in the linear progr^. For example, if the number of aircraft 

points (cities) cannot be balanced (equal) with 
seg^nts equal to the requirement, the linear program 
will balance the aircraft into and out of the terminal points with the 
frequency on the least profitable route segment less than the requirement. If 
toe frequency^n a route segment is less than the requirement, the demand will 
te less than Dp and the solution will not have as much cargo as it would have 
If all frequency requirements were net. The choice of toe linear 
frequency-demand function was made because the analysis of cargo airline 
systems in this instance is fundamentally involved with only the technical 
assets of cargo airline operations, not the competitive supply-demand 
elations. Thus, in this context, demand is an exogenous variable whose 

pu^se is to provide a range of operating levels for a typical airline from 

optimum, fleet mix, flight hours, and load factors 
my to obtainto. The_ operating level, that is, total tons of cargo carried 
^r day of the solution, is the variable for which the technical information 

faet toat the operating level of the solution may to less 
than toe maximum possible tons per day available under other sets of 
conditions is not an issue in the analysis. 

Referring to the scenario shown in Figure V-2, alternatives for both 
truck load lots (TL) and less- than- truck-load lots (LTL) are included at the 
origin and toe destination. In the TL case, containers are moved directly to 
toe airport. LTL shipments require consolidation. They are placed on dock by 
the shipper, picked-up and consolidated into containers which are then moved 
to the airport. _ Reciprocal activities on the delivery and complete the 
door t^door service covered _ by_ toe scenario. The cost of consolidation and 
break bulk in LTL operations is included in the indirect operating cost (IOC). 

Various ways of analyzing these costs are covered completely in subsequent 
paragraphs, which analyze the effect of changes in IOC. In the LP solutions 
generated for this section, the analysis of expanded air cargo volume on 
airline o^rator profitability, the IOC for specific aircraft are varied only 
between the extremes of LTL and TL operations. As the volume of air cargo 

probable that a greater portion of the cargo 
will be TL; hence, the profitability effects of TL must to included in the 
3nsJ.ysis* 

pick-up delivery are calculated separately. In the LP, pick- 
up and deliyery costs would to added to both costs and revenue and they would 
cancel out in the solution; hence, they are not included in the input data. 
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Continuing the review of the scenario (Figure V-2) at the airport 
containers are loaded on the aircraft and unloaded at the delivery end with no 
need for additional processing. The cost of this function is also included in 
IOC. liie remaining function in the scenario is the airline haul. The cost of 
this function is the DOC and a portion of the IOC. 

The scenario includes door-to-door operations; that is, the movement of 
tn6 shipiiients froni thG shipping dock at the origin, nonnally referred to as 
the shipper's dock, to the receiving dock at the destination, also known as 
the consignee's dock, is included in the scenario. 

This scenario will be the framework for the conparison of freight rates 
which is included in subsequent paragraphs. Two types of comparisons are 
necessary. One is airport- to-airport v^ich is used when only the airline 
operator profitability is being analyzed. The other type of ccanparison is 
door-to-door comparison. In this type of conparison, all the functions shown 
in the scenario in Figure V-2 are included. Conventional air cargo tariffs 
include only airport to airport transportation. Tb relate this to 

door-tc^door service requires that the cost of transporting the shipments to 
and from the airport be added to the air tariffs. This can be a source of 
confusion because there are many alternative means of transporting the 
shipnents to and fre^ the airport; private carriage, professional pick-up and 
delive ry service, air freight forwarders, contract carriage, and truck rental 
are ccmmonly used ^ alternatives. The movement at the origin may be 
accOTplished by a different method than at the destination, which adds another 
variable. The real costs of all the alternatives may be reasonably equal, but 
the out-of-pocket costs vary over a wide spectrum, and different users have 
gages for making choices between the alternatives. Air Cargo 
Incorporated (ACI) is a professional air cargo pick-up and delivery (PU&D) 
service. It is owned by the U.S. scheduled airlines and performs PU&D for the 
airlines in over 450 cities. The ACI Directory lists the cost of PU&D in the 
cities served by ACI. In this analysis, ACI costs are used for PU&D services. 
The simple average of the ACI PU&D costs in the top 20 cities is used. Table 
V— 2 lists ACI's PU&D charges for five weight groups. 

Another function^ in the scenario (Figure V-2) is the consolidation of LTL 
shipments at the origin and the reverse process, called break-bulk, at the 
destination. Like PU&D, there are several alternative methods for 
acccmplishing this function, and each method may have a characteristic cost. 
In the 1990 scenario, it is accomplished off the airport. In conventional air 
cargo operation, it is accemplished at the airport, and the cost is included 
in the indirect operating cost (IOC). Therefore, in the intermodal scenario. 
It is _ necessary to adjust the IOC either by including this off airport 
operation or by deleting the cost of consolidation - break bulk from the IOC. 
Both techniques are applicable, depending on the specific set of variables 
under analysis. For this analysis, the specific technique used in each case 
will be explained. 
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TABLE V-2. ACI PU&D CHARGES 


City 

Minimum 
Charge $ 

100 lb 
(145 kg) 
$/100 lb 
($145 kg) 

1000 lb 
(450 kg) 
$/100 lb 
($145 kg) 

2000 lb 
(900 kg) 
$/100 lb 
($145 kg) 

5000 lb 
(2250 kg) 
$/100 lb 
($145 kg) 

Chicago 

7.35 

3.70 

2.90 

2.10 

1.50 

NYC (JFK) 

9.70 

7.20 

5.25 

5.00 

3.35 

Los Angeles 

6.50 

3.15 

2.65 

2.20 

1.40 

San Francisco 

7.80 

3.95 

3.70 

3.45 

1 .85 

Atlanta 

4.35 

1.80 

1.65 

1 .55 

1.30 

Miami 

5.40 

2.40 

2.20 

2.10 

1.70 

Detroit 

6.60 

2.60 

2.40 

2.20 

1.70 

Seattle 

5.70 

3.00 

2.75 

2.55 

1 .85 

Boston 

6.55 

2.95 

2.80 

2.70 

2.05 

Dallas 

5.30 

2.25 

1.95 

1.85 

1.50 

Honolulu 

3.95 

1.75 

1.50 

1.40 

.85 

Philadelphia 

6.85 

2.75 

2.60 

2.50 

1.90 

Newark 

7.10 

3.60 

3.40 

3.15 

2.30 

Denver 

5.00 

2.65 

2.50 

2.40 

1.85 

Minneapolis 

5.65 

2.40 

2.20 

2.05 

1.55 

Cleveland 

6.65 

3.55 

3.15 

2.75 

1.95 

Houston 

5.00 

1.95 

1.75 

1 .65 

1.40 

Son Juan P.R. 

5.00 

2.15 

2.00 

1.90 

1.60 

Laguandia 

9.70 

7.20 

5.25 

5.00 

3.35 

St. Louis 

6.60 

3.00 

2.50 

2.10 

1 .25 

Sample Avg. 

6.35 

3.35 

2.90 

2.50 

1.80 
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Parametric System Sensitivity Analysis 


Table V-3 presents the parametric variations selected to analyze those 
relationships, which are discussed in detail below. 

Effect of Expanded Air Cargo Volume on Airline Operator Profitability - 
Airline operator profitability is subject to significant variation in the 
short term because of econonic conditions, traffic variations, transportation 
strikes, and other factors. Only the transient profitability/volume 
relationships are revealed in these variations. Long-term trends caused^ by 
changes in equipment, rates, route structure, etc. cloud the profitability/ 
volume picture frcm cause and effect determinations. Thus, it is clear that 
measures of past performance in both the short term and the long term are 
inadequate to determine the relationship between expanded air cargo volume and 
airline operators' profitability. Although currently some relaxation _ is being 
experienced, historically, the industry operated in a regulatory environment. 
Therefore, it is more appropriate to base the analysis on the possible results 
defined by specific conditions and events rather than to attempt to analyze 
the significance of past events. In this context, the airline operators' 
potential profitability, given specific sets of conditions, based on the 
projected 1990 environment, will be determined in this analysis. The 
uncertainties present make it necessary to present the results as trends and 
sensitivities over a range of values or between boundaries. 

Airline Operators' Profitability Volume Relationships - This portion of 
the analysis investigates airline operators' potential profitability in 
relation to expanded air cargo volume projected for 1990 given specific sets 
of conditions. For the first set of conditions, there is a single type of 
cargo aircraft serving a given route system whose demand increases fron the 
lower 1990 boundary to the upper boundary. The elements involved in this case 
are shown in Figure V-4. The fundamental relationship between earnings 
(profitability) and volume is established by this set of conditions. Only one 
parameter, air cargo volume, is varied, and feedback is not considered in this 
situation. Subsequent to this case, more variables will be included in the 
analysis. 

The 1990 demand spectrum described in Table V-4E is used. Ccmputer runs 
were made at six points; the 1990 minimum, the 1990 maximum, and increments of 
0.2 of the difference between the minimum and the maximum. 

The aircraft employed is designated E>-70. It is a high-technology, 
71,000-pounds (3200-kg) payload aircraft having a gross weight of 242,640 
(110,000-kg) . This is one of the family of aircraft used in this analysis as 
shown in Table V-1. Air cargo rates are based on the 1977 tariffs for general 
ccmmodities. The values for each route segment are derived from the linear re- 
gression equations. The domestic route system previously described is used. 
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FIGURE V-4. FUNDAMENTAL DEMAND - EARNINGS RELATIONSHIP 
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TABLE V-4E. 1990 AIR CARGO DEMAND 




Distance 



Demand Tons Per Day 




Regions 

Miles 

MA 

Ml 

A 

+.2 A 

+.4A 

+.6A 

+. 8A 

1 

NYC - LAX 

2475 

392 

22 

370 

96 

170 

244 

318 

2 

LAX - NYC 

2475 

1343 

74 

1269 

328 

582 

835 

1089 

3 

NYC - SFO 

2578 

289 

16 

273 

71 

125 

180 

234 

4 

SFO - NYC 

2578 

973 

54 

919 

238 

421 

605 

789 

5 

SFO - CHI 

1847 

188 

10 

178 

46 

81 

117 

152 

6 

DTT - LAX 

1979 

200 

11 

189 

49 

87 

125 

162 

7 

LAX - DTT 

1979 

263 

15 

248 

64 

114 

164 

213 

8 

lAH - CHI 

925 

147 

8 

139 

36 

64 

91 

119 

9 

CHI - lAH 

925 

313 

17 

296 

76 

136 

195 

254 

10 

SFO - DTT 

2079 

123 

7 

116 

30 

53 

77 

100 

11 

DTT - NYC 

509 

646 

36 

610 

158 

280 

402 

524 

12 

NYC - CHI 

740 

497 

28 

469 

122 

216 

310 

403 

13 

CHI - NYC 

. 740 

1930 

107 

1823 

472 

836 

1200 

1565 

14 

CHI - LAX 

1745 

279 

15 

264 

68 

121 

173 

226 

15 

LAX - CHI 

1745 

677 

38 

639 

165 

293 

421 

549 

16 

NYC - DTT 

509 

448 

25 

423 

no 

194 

279 

365 

17 

DTT - SFO 

2079 

467 

26 

441 

114 

202 

290 

378 

18 

LAX - lAH 

1397 

164 

9 

155 

40 

71 

102 

133 

19 

lAH - NYC 

1417 

440 

24 

416 

107 

191 

274 

357 

20 

NYC - lAH 

1417 

282 

16 

266 

69 

122 

175 

229 

21 

lAH - LAX 

1397 

214 

12 

202 

52 

93 

134 

174 




10,275 

570 

9705 

2511 

4452 

6393 

8333 
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TABLE V-4M. 1990 AIR CARGO DEMAND 



Regions 

Distance 

Km 

Tl ■ 1 


Demand Metric Tons Per Day 



ma 

Ml 

A 

+.2A 


+.6 A 


1 

NYC - LAX 

3960 

353 

20 

333 

87 

153 

220 

286 

2 

LAX - NYC 

3960 

1209 

67 

1142 

295 

524 

752 

980 

3 

NYC - SFO 

4125 

260 

14 

246 

63 

112 

162 

211 

4 

SFO - NYC 

4125 

876 

49 

827 

213 

379 

544 

710 

5 

SFO - CHI 

3000 

169 

9 

160 

41 

73 

105 

137 

6 

DTT - LAX 

3166 

180 

10 

170 

44 

78 

112 

146 

7 

LAX - DTT 

3166 

237 

14 

223 

59 

103 

148 

192 

8 

lAH - CHI 

1480 

132 

7 

125 

32 

57 

82 

107 

9 

CHI- lAH 

1480 

282 

15 

267 

68 

122 

175 

229 

10 

SFO - DTT 

3326 

111 

6 

105 

27 

48 

69 

90 

11 

DTT - NYC 

814 

581 

32 

549 

142 

252 

361 

471 

12 

NYC - CHI 

1184 

447 

25 

422 

107 

194 

278 

363 

13 

CHI - NYC 

1184 

1737 

46 

1691 

384 

722 

1061 

1399 

14 

CHI - LAX 

2792 

251 

14 

237 

61 

109 

156 

204 

15 

LAX - CHI 

2792 

609 

34 

575 

149 

264 

379 

494 

16 

NYC - DTT 

814 

403 

23 

380 

99 

175 

251 

327 

17 

DTT - SFO 

3326 

420 

23 

397 

102 

182 

261 

340 

18 

LAX - lAH 

2235 

148 

8 

140 

36 

64 

92 

120 

19 

lAH - NYC 

2267 

396 

22 

374 

97 

172 

246 

321 

20 

NYC - lAH 

2267 

254 

14 

240 

62 

no 

158 

206 

21 

lAH - LAX 

2235 

193 

11 

182 

47 

84 

120 

157 




9248 

513 

7861 

2260 

4006 

5753 

7500 
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linGair progiram output includes total revenue, Rp, obtained from 
transporting the cargo, total cost C^, and total earnings, Et* The values of 
these are shown in Figure V-5 as a function of air cargo volume. 

The average load factor obtained in these operations is shown in Figure 
V-6. When demand is low, most routes are served with a frequency of service 
of one. That is, if one aircraft is allocated to most route segments, it will 
satisfy the demand when the demand is low. Even so, many aircraft will not be 
loaded to capacity. The resultant load factor reflects this condition. As 
demand increases, the load factor increases and more aircraft must be 
allocated to the routes, which is an increase in frequency. The average 
frequency for the routes when the total volume is 500 tons (450 metric tons) 
per day is 1.38. Obviously, route segments with greater demand will require 
greater frequency of service v^en there is only one size of aircraft offered. 
A total demand for this route network is increased, at 7,350 tons (6,670 
metric tons) per day, the average frequency of service is 9.8. The route with 
the highest demand, Chicago-New York City, requires a frequency of 28.6 when 
the total carri^ on the network is 7,350 tons (6,670 metric tons) per day. 
The load factor increases rapidly with deirand. Figure V— 8, until the situation 
is reached v*ere demand is high enough so almost all flights are full. The 
load factor in this case reaches 93 percent. 


A measure of airline operator profitability that can be derived from the 
LP output is earnings per ton, E^, of cargo transported. The relationship of 
earnings per ton and air cargo volume is plotted in Figure V-7. lOtal 
earnings, E>p (Figure V-5), are almost linear. Earnings per ton (Figure V-7), 
which are derived frcm Erp, would be a constant, insensitive to volume, except 
for the fact that the total earnings curve does not pass through the origin. 
There is a finite cost of operating the aircraft with no payload, and with no 
revenue, the total earnings are negative with zero air cargo volume, as shown 
by the dotted lines in Figure V-5. This situation gives rise to the 
characteristic shape of the earnings per ton curve. Figure V-7. 

No analysis was done below 570 tons (513 metric tons) per day. If this 
had tseen done then logically there would have been a vey rapid drop in 
earnings, as shown by the dotted lines in Figure V-7. 

Characteristics of Optimization Analysis — One characteristic of this type 
of analysis is ^ that the value of the output ; such as earnings and the 
derivative, earnings per ton, for example, are much higher than would be 
expected in actual operations. This is because the model operates in an 
unregulated environment and simply does not fly any route that does not 
increase overall profit. Additionally, the model does not include many costs 
or losses of revenue that result from off-c^timum operation. For example, the 
linear program does not reflect the cost of providing the equipment necessary 
to cope with the day-to-day fluctuation in deirand which occurs in reality. 
The resources allocated to a specific problem in the LP are exactly the amount 
required to obtain maximum earnings. The cost of operational inefficiencies 
associated with routing and scheduling are not included in the optimum 
analyses. In the LP, the number of each type of aircraft into and out of each 
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city must be balanced; hov/ever, aircraft are originated at any city to maxi- 
mize earnings for each problem. Most airline operators cannot change aircraft 
basing as demand fluctuates. Another factor that is not treated in the opti- 
mum analysis is losses due to reasons such as uncollected charges, special 
rates, and ^e cost of promotional activities other than the IDC allocation 
for advertising and publicity. There are many reasons for not including these 
and other similar factors to the LP; including off-optimum constraints and 
limits that can obscure the relationships being investigated, often in a 
secondary or undefined manner; also credible sources of data for these factors 
are not aya liable. 

The optimization process provides data for preliminary assessment of the 
relationships ^ that are being investigated. The values obtained from the 
optimum solutions are the potential available from optimum operations and not 
those expected from off-optimum, actual conditions. rfodifications could be 
introduced to the optimum analysis to account for real-\jorld inefficiencies 
but in addition to the increased data processing effort, there would be a 
danger of misinterpretation of the data. For these reasons, the optimized 
data directly from the LP will be presented. 

Expansion of the Profitability-Volume Relationship - The fundamental 
relationship revealed in Figure V-7 is now expanded by including additional 
variables in the solution. In the previous solution, only one size aircraft 
was applied to the route system. In the followint^ solutions, a spectrum of 
aircraft sizes will be offered and the LP will find the mix that provides 
maximum earnings. The four aircraft that have characteristics described in 
Table V-1 are substituted into the "aircraft" block of Figure V-4. 

The results of a series of LP runs with these four aircraft are shov/n in 
the^ following figures. It is noted that the earnings per ton (Figure V-8 
solid line) is higher when the optimum fleet mix is selected than in the pre- 
vious case example when only one size of aircraft was used, the D-70 (Figure 
V-8 dashed line). Here again, no analyses were accomplished below 570 tons 
(513 Metric tons) per day. A point check indicated that logically the results 
would be as shown by the dotted lines bel>/w 570 tons (513 metric tons) per 
day. The optimum fleet mix curve in Figure 10 shows the results of being able 
to select the best combination of aircraft for best earnings as the market 
share grov;s. 

The Importance of Rates and Service on AACS Requirements - The aircraft 
requirements most affected by rates and service is the payload. The payload 
affects the frequency-demand relationship and the price-demand function. The 
frequenc^'-demand relationship and price-elasticity of demand are 
interdependent. For a given total demand,, however, the two functions have 
opposite effects on aircraft payload requirements. Demand segments that are 
sensitive to frequency of service establishe requirements for greater numbers 
of smaller payload aircraft. Demand segments that are sensitive to reduce 
freight rates emphasize the requirements for fevrer, more economical, larger 
payload aircraft. A conpromise must be reached where the breakeven load 
factor is lew enough to permit reasonable frequency of service but large 
enough to allow the rates to take advantage of the price-elasticity of demand. 
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such a compromise is made nore difficult by the fact that the voto 
on each route segment is different. In the following an^^^is, the relatio^ 
ship of each type of demand to aircraft requirements will be presented separ 
Sely migration of both effects will be discussed in later subsec- 

tions. 

Effect o f Pate Changes on Earnings/Volum e Relationships - The fund^ental 
airlLe operator's profitability/volurae interdependency discussed in the 

prSl«s section was tased on current (1977) air cargo rates eftic ^ on 

will address the importance of rate changes on the market and the effects on 
SSi?Sm?y L gSwth or volume of demand. Referring to Figure V-4, the 
"air cargo rates" block shows two outputs. One denotes that rates have an 
effect on demand; presumably, the price-elasticity of demand will cause the 
demand to change as a function of rates. The other output, v*iich_ feeds the 
route system, affects revenue. Assuming that air cargo demand is independent 
TTatTX shown in the simplified diagram of Figure V-9 three series of 
computer runs were made with the rates changed in discrete steps. 15 ^r 

c^? 730 Srcent, and 45 percent belo. the 1977 level. The results of these 

runs are shown in Figure V—IO. 

Ana lysis of Rate-Sensitive Demand - The simplistic diagram 
— c / piaiirp V-H does not describe the higher-order 

interdependeLies involved in the more complex relationships to te 
investi^ted in connection with demand sensitivity to rates 77 cargo 

Figure V-11, the details of the demand function are included. The ^ir g 

demnd based on the forecast for 1990 is applied to a typical route system as 

“uSrdescribed. Each segment in the route system is operated on by the 
three inter-related demand functions: magnitude, frequency, and capacity, 

^hese r^uirements are reconciled by the linear program Air -^0 -t- 

varied independently of demand in the previous f T^^aal 

T-.:^latlonship between rate changes and airline operators^ ^tentiai 

profitability. in this analysis, the irore 

demand and earnings in relation to changes in rates will te investigated. 
Thus referring to Figure V-11, earnings has a first-order interdependency 
Stes through the LP and higher orders of interdependency _ through the demand 
functions and the LP. Most caiputer runs are made in series, where only one 
variable is changed through its' entire feasible or selected range. Therefore, 
SC analylifiTbased on selecting specific runs frcm different series to 
acquire the desired data. This brings up the problem of developing the proper 
basis for selectir^ the data runs. Price-elasticity of _ demand is the primary 
economic indicator that is the basis used in this analysis. 

Price Elasticity of Demand - The price elasticity of demand, which ^is the 
percentage change Sn the "iGantity of air cargo deeded divided by the 
tDercentage change in the price or rates, can be developed frcm J^^nre III 1 
fn TectSn Table V-1 contains the a«d 

in Figure III-12 for yield reductions of 0 percent, -15 percent, 30 percent, 
and -« fetcent from 1977 values. Table V- 5 also shews the assooiaM yield 
reduction starting from a current (1977) value of 30 cents per ton/mi 
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FIGURE V-9. AIR CARGO DEMAND INDEPENDENT OF RATES 











AIR CARGO VOLUME - 10CO METRIC TONS/DAYS 


FIGURE V-10. EARNINGS/rON - VOLUME 







FIGURE V-11. AIR CARGO ANALYSIS SYSTEM I NCLUDI NG 
DEMAND FUNCTION DETAILS 
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TABLE V-5. PRICE-DEMAND VALUES 


PRICE (YIELD) DEMAND 

MILLIONS PRICE 


REDUCTION 
IN YIELD 

<?Aon-mile 

<?/METRIC TON -km 

MILLIONS 
OF TONS 

OF METRIC 
TONS 

DEMAND 

ELASTICITY 

0 (1977 YIELD) 

30 

21 

1.2 

1.1 


-15% 

26 

18 

1.9 

1.7 

2.8 

-30% 

21 

15 

3.6 

3.2 

3.2 

-45% 

17 

11 

8.0 

7.2 

3.2 


iV 


cents per metric ton/kilometer), although any other value will provide the 
same results in the elasticity calculations. 

The price elasticity of demand is calculated by the following equations; 
for example, between any twD points (P^) and (P2) the price elasticity E is: 


E = 

^ 1-^2 

^ 1^^2 

Where X = Demand 
Y = Price 


Normally, elasticity is characterized into five categories: (1) perfectly 
elastic, where E = infinity; (2) relatively elastic, E greater than one; (3) 
unit elasticity, E = 1; (4) relatively inelastic, E = less than 1, and (5) 
perfecQy inelastic, E = 0. This classification system is normally adequate 
to evaluate the price-demand relationship without reference to or analysis of 
the specific values of E. Fran the analysis of Section III and the data of 
Table V-6, the demand should remain elastic through 1990. With the 
development of the above price-elasticity of demand selected runs can be made 
to describe the long-term earnings-rates relationship. Tstal earnings, Em, 
for four series of LP runs are plotted in Figure V-12 as a function of air 
cargo volume. Each curve is the total potential earnings as air cargo volume 
IS varied. Other parameters are held constant. Each series consists of six 
runs with the air cargo volume varied as described in Table V-4. The point on 
each curve in Figure V-12 at v^ich the specific rates are effective is found 
fran data in Table V-5. 

The total annual air freight traffic in millions of tons is translated to 
the daily tons for a representative airline by a factor that includes 250 days 
per year operation and 7 percent of the total traffic as described in the 
section on development of_ the route system for the LP. The daily cargo volume 
for the representative airline is shown in the right-hand column of Table V-6. 

The values thus obtained are now identified on the appropriate curves of 
Figure V-12. 

Based on toe projected price-demand relationship derived fran the Case 
Studies, airline operator's marginal earnings remain positive with rate 
reductions up to 45 percent. As shown in Figure V-12, total earnings as a 
function of air cargo volume, or demand, were obtained fran the conposite runs 
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TABLE V-6. REVENUE AND TRAFFIC 


REVENUE air FREIGHT TRAFFIC 

REPRESENTATIVE 

VALUE ANNUAL TOTAL AIRLINE 



<; PER TSM 

PER 

METRIC 
TON KM 

MILLION 

TONS 

MILLION 

METRIC 

TONS 

TONS 

PER 

DAY 

METRIC 
TONS 
PER DAY 

1977 RATES 

30 

21 

1.2 

1.1 

324 

312 

-15% 

26 

18 

1.9 

1.7 

545 

494 

-30% 

21 

15 

3.6 

3.3 

1032 

936 

-45% 

17 

11 

8.0 

7.3 

2294 

2080 



for four sets of conditions: 1977 air cargo rates and three reductions (-15, 
-30, and -45 percent) shown by the straight lines. On each earnings line the 
potential volume of cargo corresponding to the price-elasticity of demand is 
identified. In other words, for each price, 1977 rates, -15, -30, and -45 
percent from 1977 rates, there is a specific potential volume of cargo demand. 
Ihe curve that connects these four points is the airlines total earnings with 
increasing volume. The slope of this curve is the marginal earnings or mar— 
inal profitability, i.e., how much profit was provided by the last ton of car- 
go, At sonne point, increased volume will not produce increased earnings; the 
marginal . profitability at that point is zero. Beyond that point, operating 
cost would have to be reduced to retain positive marginal profitability. 

of Service Sensitive Demand — In the initial description of the 
air cargo demand, it was noted that there are three separate but 
interdependent functions: magnitude of demand, frequency of service, and 
aircraft capacity offered on each route. These three functions are shown in 
Figure V-11. Actually, only two of the functions are effective in this 
analysis because the inputs to the capacity function are adjusted so that 
capacity offered will never be limiting. The frequency function will always 
be controlling. Therefore, the two active demand functions are magnitude and 
frequency. For the analysis of frequency effects, air cargo rates will be 
held constant. In the simple, linear, demand-frequency effects, air cargo 
rates will be held constant. In the simple, linear, demand- frequency function 
(Figure V-3), the frequency is the minimum frequency required for the total 
demand Dp. In the optimized solution, the LP may allocate frequencies greater 
tlian one if necessary to maximize earnings. 

The results of three series of computer runs with different frequency 
requirements are shown in Figure V— 13. Two series of runs were made with 
constant frequencies, f = 1 and f = 5, for all route segments, regardless of 
the magnitude of the demand; one series of runs was made with the fr^uency 
requirement on each route segment proportional to the demand. Comparing the 
two constant frequency runs, the earnings per ton are less for f = 5 than for 
f = 1, because with a given fixed demand on each route segment, the cost per 
ton will be higher if the minimum number of trips required for all segments is 
5 than if the minimum number of trips is 1. The higher costs will be 
reflected in lower earnings per ton as shown in Figure V-13. When the 
frequency requiroiient on each route segment was made proportional to the 
magnitude of the demand (Table V-7), the results shown by the dashed line in 
Figure V-13 were obtained. Comparing this curve with the constant frequency 
curves, it is noted that, for a given level of operations, the earnings per 
ton are higher for the proportional frequency requirement than for the 
constant frequency requirement. 

More detailed examination of the solutions for this_ series of runs reveals 
th,at, for this requirement, the more profitable cargo is retained, but cargo 
of lower profitability is eliminated by the aircraft balancing equations. In 
real-world airline operations, the function of aircraft balancing is performed 
in the scheduling operations which must include many additional factors not 
included in MACRO. Factors in addition to frequency of service, such as. 
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FIGURE V-13. FREQUENCY EFFECT ON EARNINGS 



TABLE V-7. FREQUENCY CONSTRAINTS 


REGIONS 

DEMAND 

DISTRIBUTION 

% 

FREQUENCY 

CONSTRAINT 

F 

1. NYC - LAX 

3.8 

2 

2. LAX - NYC 

13.1 

6 

3. NYC - SFO 

2.8 

2 

4. SFO - NYC 

9.5 

5 

5. SFO - CHI 

1.8 

1 

6. DTT-LAX 

2.0 

1 

7. LAX - on 

2.6 

2 

8. lAH - CHI 

1.4 

1 

9. CHI - lAH 

3.1 

2 

10. SFO - DTT 

1.2 

1 

11. DTT -NYC 

6.3 

4 

12. NYC -CHI 

4.8 

3 

13. CHI - NYC 

18.8 

6 

14. CHI - LAX 

2.7 

2 

15. LAX - CHI 

6.5 

4 

16. NYC - DTT 

4.4 

3 

17. DTT -SFO 

4.5 

3 

18. LAX - lAH 

1.6 

1 

19. lAH - NYC 

4.3 

3 

20, NYC - lAH 

2.7 

2 

21. lAH - LAX 

2.1 

2 
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departure times, bases for aircraft and crews, and maintenance activity must 
be considered in developing an operating airline schedule. 

The indication provided by the series of runs with the proportional 
frequency requirement, v^ich is more realistic than the constant frequency 
requiranent, is that demand that is sensitive to frequency of sen/ice will not 
have a serious detrimental effect on profitability when combined with the 
other scheduling requirarients. 


Effect of Direct and Indirect Operating Cost 

The effect of changes in direct operating cost_ (DOC) and in indirect 
operating cost (IOC) on airline operator profitability is discussed in the 
following paragraphs. 

Direct Operating Cost - The level of aircraft technology plays an 
important part in the direct operating cost. This dependency is shown by 
expanding the air cargo analysis system previously described in Figures V-1 
and V— 11 bo include more details relating to the aircraft. This expansion is 
shown in Figure V-14. In the following paragraphs, the developirient of the DOC 
is discussed, and the effect of changes in DOC on airline operator potential 
profitability is analyzed. 

Direct Operating Cost Calculation - The direct operating cost of the 
aircraft are calculated ky the methodology of ref. 2. All input factors, such 
as wage rates and fuel cost are based on 1977 costs* The DOC of each aircraft 
for the route segment in the typical route netvA^rk are calculated in a 
computer program. The results of these calculations for the family of 
domestic aircraft are shown in Figure V-15. Direct operating costs consist of 
the three categories listed below: 

1. Flying operations 

Flight crew costs 
Fuel and oil 
Hull insurance 


2. Direct Maintenance - Flight Equipment 
Labor - aircraft and engines 
Material - aircraft and engines 
Maintenance burden 
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FIGURE V-14. AIR CARGO ANALYSIS SYSTEM INCLUDING DEiAILS OF THE AIRCRAFT PROGRAM 
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FIGURE V-15. DOMESTIC AIRCRAFT DOC 
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3. Depreciation - Flight Equipment (Aircraft and Spares) 

Airplane cost 
Annual utilization 

Sane of the cost elements are functions of maximum takeoff gross weight, sane 
are functions of the total aircraft cost and some eleirents such as fuel are 
related to distance flown. The distribution of the total DOC between the cost 
elements can be instrumental in more clearly demonstrating the relationship 
between the cost elements. In Table V-8, the distribution of DOC between the 
cost elements is shown for short distances, (500 railes/800 kilometers) and for 
long distances (2500 miles/4000 kilcmeters). The smallest and largest of the 
domestic aircraft are included in Table V-8, the D-70, and the D-330. The 
other donestic aircraft vould display distribution of costs between those 
extremes. 

The following example of a change in the price of one of the DOC elements 
is used to evaluate the sensitivity of operator potential profitability to 
DOC. The cost of fuel and oil, which constitutes 22 percent to 32 percent of 
the DOC for the aircraft used in this analysis, was changed for two series of 
LP runs. In the first series of runs, the cost of fuel was increased 50 
percent; in the second series, the cost was doubled. The earnings per ton 
effect is shown in Figure V-16. A fleet mix of D-70 and D-330 aircrat was 
used. The relationship of fuel cost to earnings is used to construct 
boundaries for sensitivity of percent change in earnings per ton to percent 
change in DOC. Boundaries are necessary rather than a single sensitivity 
curve because the sensitivity is a function of both route segment distance and 
volume of demand. After the boundaries are determined, sone generalizations 
can be mde on DOC effects. Table V-9 shows the fXX: for the D-70 and D-330 
aircraft for two route segments. A long distance segment NYC-LAX and a short 
segment, NYC-CHI. The percentage change in DOC from the 1977 baseline values 
is also shown in the table. 

The data in Table V-10 which were taken from Figure V-16 are conbined with 
the data in Table V-9 to quantify the sensitivity of the profitability-DOC 
relationship shown in Figure V-17. Figure V-18 shows an identical set of 
curves for the D-330 aircraft. From these curves, the following 
generalizations can be made: As the air cargo industry matures and demand 
increases, profitability tends to be less sensitive to DOC. Potential 
profitability on the longer route systems, characteristic of the intermodal 
concept, is less sensitive to changes in DOC than the short route systems. A 
conposite of Figures V-17 and V-18 can be constructed to show that the 
higher-payload aircraft is less sensitive to changes in DOC than the 
lower-payload aircraft. The DOC for each aircraft in the high-technology 
domestic family of aircraft at 2500 miles, from Figure V-15, is shown in 
Figure V-19. A similar curve of current- technology aircraft DOC's is also 
shown in Figure V-19. Figure V-19 indicates that advanced technology aircraft 
provide a 15 to 20 percent reduction in DOC over that of current technology 
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TABLE V-8. DISTRIBUTION OF DIRECT OPERATING COST 



Short Distance (500 

miIes/800 Km) 


L-70 

L-330 


% 

% 

Flying Operations 

43 ^ 

40.4 

Crew 

17.6 

8.8 

Fuel & Oil 

22.2 

8.8 

Hull Insurance 

3.4 

3.6 

Direct Maintenance 

30.1 

30.4 

Depreciation 

26.7 

29.2 



Long Distance (2500 

1 miles/4000 Km) 

Flying Operations 

48.3 

45.9 

Crew 

18.5 

9.3 

Fuel & Oil 

26.3 

32.8 

Hull Insurance 

3.5 

3.8 

Direct Maintenance 

23.6 

23.6 

Depreciation 

28.1 

30.5 
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FIGURE V-16. EFFECT OF FUEL COST CHANGES ON EARNINGS PER TON 
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TABLE V-9. DIRECT OPERATING COST DISTRIBUTION 


Route 

A/C 

DOC 

1977 

Fuel Cost 
$ 

DOC 
Fuel 
+ 50% 
$ 

DOC 

Increase 

% 

DOC 
Fuel 
+ 100% 
$ 

DOC 

Increase 

% 

NYC-LAX 

D-70 

7,959 

9,004 

13.13 

10,049 

26.26 


D-330 

19,089 

22,217 

16.39 

25,346 

32.78 

NYC -CHI 

D-70 

2,929 

3,254 

11.1 

3,579 

22.19 


D-330 

7,006 

7,985 

14.0 

8,964 

27.95 



TABLE V-10. PERCENT CHANGE IN EARNINGS PER TON 
WITH FUEL COST INCREASES 




Earnings 

Earnings 


Earnings 




Per 

Per 


Per 


Air Cargo 


Ton 

Ton 


Ton 


Volume 

Metri c 

1977 

Fuel 


Fuel 


Tons/Day 

Tons/Day 

Fuel Cost 

+50% 

Change 

+100% 

Change 



$ 

$ 

% 

$ 

% 


550 

499 

264 

256 

3.03 

230 

12.9 

'300 

6623 

393 

390 

0.76 

376 

4.3: 
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FIGURE V-17 . SENSITIVITY OF EARNINGS PER TON TO DOC, D-70 
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FIGURE V-18. SENSITIVITY OF EARNINGS PER TON TO DOC, D-330 
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aircraft. The salient characteristics of the current technology aircraft are 
listed in Table V-11. 


Effects of Reduced -Indirect Operating Cost 


A significant part of the cost of air cargo operations are classified as 
Indirect Operating Costs (IOC) . These costs are associated with the ground 
operations, i.e., preparing the aircraft for flight (except maintenance). For 
air cargo operations, the costs of cargo traffic servicing at the aiirport are 
included in the IOC. In the following paragraphs, the elements of IOC are 
defined, the reduced costs associated with improved intermodal ground 
cperations are described, and a con^arison of the effects of conventional IOC 
and intermodal IOC on system operations is presented. 

Indirect Operating Cost Calculation — The indirect operating ex^nse 
functions established by the U.S. Civil Aeronautics Board in its "Uniform 
System of Accounts and Reports for Certified Air Carriers" are in the 
follov/ing categories: 

o Direct Maintenance - ground property and equipment 
o Applied Maintenance Burden - ground property and equipment 
o Passenger service 
o Aircraft servicing 
o Traffic servicing 
o Service administration 
o Reservations and sales 
o Advertising and publicity 
o General and administrative 

o Depreciation and amortization — ground property and equipment 

There is no officially recognized standard method for calculating the IOC 
comparable to the standard method for calculating the DOC, ref. 2. A 
technique that is commonly used is one developed by Lockheed several years ago 
that treats each CAB designated cost element separately. This method is a 
sound basis for coirparative analysis and is used in this analysis. In this 
method, the CAB designated elements are grouped according to the parameter 
that they are functions of. For example. Group A, Maintenance - Ground 
Property and Equipment, (GP&E) Aircraft Servicing and Depreciation (GP&D) have 
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TABLE V-1 1 . CURRENT TECHNOLOGY AIRCRAFT 


AIRCRAFT DESIGNATION 



LI 

L2 

L3 

Max TOGW, Lb 
Kg 

770.000 

350.000 

450.000 

204.000 

330.000 

150.000 

Max Payload, Lb 

220,000 

150,000 

100,000 

Kg 

100,000 

68,000 

45,000 

Aircraft Cost 1977 $ 

38. 3M 

30M 

16M 

Single Engine Cost 1977$ 

1.5M 

1.75M 

625,000 

Typical of 

C -5/747 

L-lOll/DC-10 

DC8/707 


been found to be a function of the product of the number of aircraft depar- 
tures and the maximum takeoff v/eight. The IOC expense grouping for all-cargo 
operations is given below; 

Expense Parameter 


Group A 

A. Maintenance - Ground Property 

and Equipment 

Aircraft Servicing (less Aircraft Departures x Maximum 

Aircraft Control) Takeoff Weight 

A-, Depreciation and Amortiza- 

tion - Ground Property and 
Equipnent 


Group E Aircraft Servicing (Aircraft Number of Departures 
Control ) 


Group G 

G^ Cargo Traffic Servicing 


Group H 
Hi 
H2 

Group J 


Reservations and Sales 
Advertising and Publicity 
General and Administrative 


Tons of freight, mail and express 
enplaned, measured in terms of 
shipment weight and number of 
pieces 

Revenue freight ton-miles includ- 
ing effect of shipnent weight 


Indirect operating expense 


With this system, simple formulas and coefficients determined frou the CAB 
reports are used to ccmpute IOC for conventional all-cargo operations. In 
this report, this is termed "conventional" IOC because it is derived from the 
current operations, and the costs thus calculated represent actual experience 
and cost allocations reported by the airlines to the CAB. It represents the 
conventional way of doing business by the airlines reporting to the CAB. 

Improved Ground Operations - The scenario elements for intermodal air 
cargo operations described in Figure V-2 are different from conventional air 
cargo ope-mtions. Some of the intermodal functions are new, such as container 
delivery and pick-up in TL operations. Also, the locations where some of the 
functions are performed are different for the two modes; for example, the 
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consolidation— bceslc bulk functions are generally performed on the airport in 
conventional operations, but they are performed off-airport in the intermodal 
scenario. Because of the different scenarios, it is desirable to refine the 
IOC calculations for conventional operations to irore accurately reflect the 
intermodal scenario. The cost of many of the CAB designated IOC elements will 
be affected by the improved ground operations in the intermodal scenario. 

Maintenance - GP&E and Maintenance Burden and Depreciation - These 
functions include expenses related to the repair and maintenance of ground 
property and equipnent. They also include the cost of maintenance material. 
Intermodal air cargo service will require only container handling equipment 
and property at the airport. Direct Maintenance of the cargo handling 
equipment and property for intermodal operations will be less costly than 
maintenance of conventional cargo handling equipment for processing individual 
shipments. 

The cost of Aircraft Servicing and Aircraft Control functions will be the 
same for both conventional and intermodal operations. 

Cargo Traffic Servicing and Servicing Administration conprises all cargo 
handling expense, including labor and administration pertaining to cargo 
handling. Intermodal service has a significant effect on this function 
because on-airport handling of individual shipments is eliminated in inter- 
modal service. On-airport container handling and aircraft loading/unloading 
are substitute for this function in the IOC calculations. Handling of 
e^ividual shipments beccxnes part of the pick-up and delivery operations in 
intermodal service as shown in the scenario. Figure V-2. IOC for intermodal 
operations include only the cost of handling containers at the airport and 
loading and unloading the containers into and out of the aircraft. 

The detail work of Reservations and Sales required in intermodal air cargo 
operations will be reduced considerably compared with conventional service, 
because of the smaller number of units (containers) per aircraft load in 
relation to the number of shipments in conventional service. While the cost 
of this function probably cannot be reduced in proportion to number of 
containers vs. the number of shipments, a considerable reduction in cost is 
feasible. 

The cost of Advertising and Publicity is determined to a large extent by 
competitive circumstances and managerial policy. It is assumed there will be 
no difference in the cost of these functions between conventional and 
intermodal operations. 

General and Administrative costs are computed as a percentage of IOC less 
GsA. in both coventional and intermodal service. 

The basic method for computing conventional IOC based on the CAB reports 
is used to compute the intermodal IOC. Adjustments because of the different 
scenarios are made on the basis of estimated costs for each activity. The 
costs thus generated are used in the LP runs. 
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Canparison of Conventional and Intemodal IOC - Three sets of runs were 
made to evaluate the effect on operator potential profitability of the 
difference between conventional and intemodal air cargo service. The size of 
the shipment is one other factor that must be considered when conparing conven- 
tional air cargo operations with intemodal operations. The average shipment 
size reported in domestic operations in 1976 was 282 pounds (128 kg), whereas 
it is expected that intemodal operations will attract larger shipments in 
which average size would be upwards of 1000 pounds (454 kg). A three-way 
canparison has been made involving (1) conventional operations with existing 
average shipnent sizes 282 pounds (128 kg), (2) conventional operations with 
intemodal size shipments 1000 pounds (454 kg), and (3) intemodal operations. 
Coirparison of total earnings, these three types of operations is shown 
in Figure V-20. This comparison addresses only airport-to-airport operations 
because this is considered to be most meaningful in terms of aircraft operator 
profitability. The scenario. Figure V-2, does not address the questions of 
ownership or who profits from the various functions. The aircraft operator's 
profitability certainly results fron aircraft operations and logically from 
some on-airport operations. Therefore, it seems reasonable to base aircraft 
cperator-profitability on airport-to-airport operations. Fran Figure V-20, we 
see that earnings increase when 1000-pound (454 kg) shipments are inposed on 
the conventional system. The intermodal systen has the highest earning 
potential. 


Canparison of Current and Advanced Aircraft EXX 


The two previous sections examined the effects of changes in DOC and IOC, and 
this section examines their conbined effects to provide a canparison of 
current and advanced, intermodal systems. To do this the LP model is run 
using only one aircraft at a time. The 747 is used as representing the 
current technology; the D-220 represents advanced technology. 

Airport-to-Airport Comparisons - Canparison of total earnings for the 
three cptions of technology, operations and shiptent sizes are shown in Figure 
V-21. The three horizontal bars across the botton describe the three systems 
being compared. Similar comparisons of cost are contained in Figure V-22. 
Canparison of the left and center bars in Figure V-22 indicates a 20 percent 
reduction in airport-to-airport costs due to advanced technology and large 
shipment sizes. Canparison of the center and right bars shows additional 15 
percent savings due to intermodal operations. Costs in the LP and on Figure 
V-22 are divided into two categories: aircraft costs, and traffic costs. 
Aircraft costs include the DCC and all of the eleirents of IOC except those 
related to cargo handling, namely: Cargo Traffic Servicing, Reservations and 
Sales, and Advertising and Publicity. 

Door-to-Door Conparisons - As noted above, consideration of airport-to- 
airport operations is appropriate in the analysis of aircraft operator profit- 
ability. However, the shipper makes the crucial modal decisions based on 
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FIGURE V-20. EFFECT OF CHANGES IN IOC ON TOTAL EARNINGS 
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door-to-door costs'. These costs are presented, in Figure V-23 in a comparative 
analysis by tdcing the airport-to-airport costs of the operator profitability 
analysis and adding the necessary costs to complete the door-to-door scenario 
in Figure V-2. The costs for the three operations in Figure V-22 have been 
determined for a payload of 4763 tons (4287 metric tons) per day. The average 
daily cost per ton is, therefore, $175 ($193 per metric ton) $149 ($164 per 
metric ton) and $122 ($134 per metric ton) for conventional current 
technology, conventional high-technology, and intermodal high-technology, 
respectively. The costs do not include air operators' profit. In this 
comparative analysis, it is not necessary to include this item in 
airport-to-airport cost. 

In conventional operations the pick-up and delivery cost for average 
shipment sizes, less than 1000 pounds (455 kg), is $3.35 per hundred pounds 
($7.44 per 100 kg) at each end of the movement (see Table V-2). This adds 
$134.00 per ton ($148.80 per metric ton) for a total door-to-door cost of 
$309.00 per ton ($341 per metric ton) as shown by the left bar of Figure V-23. 
The advanced-technology aircraft in conventional operations with large shi^ 
msnt sizes 1000 pound average (454 kg) incurs $116 per ton ($128 per metric 
ton) pick-up and delivery costs based on Table V— 2 for a total of $265 per ton 
($292 per metric ton) . For the advanced— technology aircraft in intermodal 
derations, two cptions are developed: less than truck load (LTL) and truck 
load (TL) . For LTL, the PU&D and consolidation-break bulk functions include: 
PU&D, platform handling, and billing and collecting for a total of $86.45 per 
ton ($96.00 per metric ton) based on ref. 4, Cost of Transporting Freight 
1972, ICC Statement 2CIS-73, escalated to 1977 costs at the rate of the 
consumer price index. The total for this canbination is rounded to $208 per 
ton ($229 per metric ton) . 

Development of the costs for TL operations is slightly more ccmplicated. 
While there is no platform handling by the transportation company after the 
shipment leaves the dock, there is a real cost for loading the container by 
the shipper and unloading by the consignee. This is eguivalent to one total 
planform handling in accordance with ref. 4. Although this cost may not be 
perceived, it is real and billing and collecting cost by the carrier adds 
$25.10 per ton ($28 per metric ton) to the TL cost. 

In addition, two costs are not direct functions of the tons shipped: the 
cost Of dropping the container at the shipping dock to be loaded by tlie ship- 
per, and the cost of picking up the container after the consignee has unloaded 
it. This one-time cost for each container is $9.68 according to ref. 4. 

The final cost that must be considered is that of the container itself A 
rough approximation can be developed based on current intermodal container 
costs. If aluminum air intermodal containers, M 2 r cost $24,000 each 
(approximately 3 times as much as the price of steel/wood current intermodal 
containers), the total capital and maintenance cost per year will be $4480 
based on 15-year service life, 7 i^rcent per year maintenance cost, and 
interest at 10 percent on half the capital investment. 
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FIGURE V-23, COMPARISON OF COST, DOOR-TO-DOOR 
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At aircraft utilization of 3000 hours per year, the cost of a container 
while it is in the aircraft is $1.49 per block hour. If an average flight 
tiine is 4 hours, and assuming each container averages one flight per week, 
then each container averages 200 flight hours per year. Thus, each container 
space on an aircraft will generate the need for 3000/200 = 15 containers per 
year. Container use cost is thus $22.35 per aircraft hour. On an average 
domestic flight of approximately 4 hours, the total cost per container is 
$89.40. 

If the average container contains 28,000 pounds (12,600 kg) or 14 tons 
(126 metric tons), the total cost per ton for the two functions of container 
drop and pick-up and container use is $7.07 per ton ($7.85 per metric ton). 
The total cost for the TL high-technology intermodal operation is rounded to 
$154 per ton ($170 per metric ton). Figure V-23. The total door-to-door cost 
benefits felt by the shipper or consignee are about 14 percent savings due to 
advanced technology and increased shipment size, another 22 percent due to 
intenrodality, and another 26 percent if he can ship in truck load lots. 


Analysis of Domestic Market 


Analysis of a typical domestic air cargo operation was performed via means 
of the MACRO LP. The route system and demand are described in the following 
paragraphs. 

Dcmestic Route System and Demand - The high and low levels of demand for 
this analysis encompass the upper and lower boundaries forecast for 1990 in 
Section III, 1990 AACS Forecast. Thus, the specific data points one wished to 
use are determined by selecting a specific market forecast and market share. 
The 1990 demand is distributed between a group of cities in accordance vath 
the actual air cargo traffic reported in the 1972 census of transportation 
(ref. 1). Twenty-one routes between six cities were selected as typical of 
airline operators major routes. The routes and the percentage distribution 
are given in Table V-12. The air cargo demand on these routes included 76 
percent of the traffic reported by the 1972 Census of Transportation. The 
distribution of demand for these cities is the distribution that existed 
between these cities in 1972. 

The concept of the route system used in the analysis is typical of the 
route systems between regions surrounding the designated cities that could 
exist to meet the 1990 demand, assuming the demand is distributed in 1990 as 
it was in 1972. In this report, city names are used for ease of identifica- 
tion of regions. The route network is shown in Figure V-24. The demand on 
this typical network is about 7 percent of the total domestic demnd. The 7 
percent is a typical percentage of the total demand for one carrier to be 
satisfying, there being 15 air cargo carriers in the U.S. Therefore, this 
input is reasonably representative of one carrier's operations. 
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TABLE V-12. DOMESTIC ROUTE CARGO DISTRIBUTION 


Origin' 

-DestinaHon 

% DisfribuHon 

1 NYC 

DTT 

4.4, 

2 NYC 

CHI 

4.8 

3 NYC 

lAH 

2.7 

4 N YC 

SFO 

2.8 

5 NYC 

LAX 

3.8 

6 DTT 

NYC 

6.3 

7 DTT 

SFO 

4.5 

8 DTT 

LAX 

2.0 

9 lAH 

NYC 

4.3 

10 lAH 

CHI 

1.4 

11 lAH 

LAX 

2.1 


Origin 

-DesH nation 

% Distributi 

12 SFO 

NYC 

9.5 

13 SFO 

DTT 

1.2 

14 SFO 

CHI 

1.8 

15 LAX 

NYC 

13.1 

16 LAX 

DTT 

2.6 

17 LAX 

CHI 

6,5 

18 LAX 

lAH 

1.6 

19 CHI 

NYC 

18.8 

20 CHI 

lAH 

3.1 

21 CHI 

LAX 

2.7 



100% 
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The route network and the associated demand spectnjm based^ on the upper and 
lower boundaries of the 1990 forecast are used in the Air Cargo Analysis 
Systan shown in Figure V-1. This system 1±en allocates candidate aircraft to 
the routes in a manner which maximizes earnings of the airline operator. 

Domestic Cost - The revenue for transportation of the cargo is based on 
the 1977 general ccmmodity tariffs. Values for a range of distances are 
selected from the tariffs and a regression equation is calculated. The 
equation for determining the rates for west-bound cargo is; 

y = 11.935 + 0.00985X 

Ebr east-bound movement, the equation is: 

Y = 14.122 + 0.00685X 

These equations are used to determine the rates per ton for the rate seg^nts. 
Changes in revenue are implemented by factoring the rates equations by -15 
percent, -30 percent, or -45 percent, as appropriate. The equations are 

plotted in Figure V-25. 

Fleet Mix - The optimum fleet mix for each run in the series is shown in 
Fiqure V-26. Only two aircraft were selected by the LP, the D-70, and the 
D-330. The circles for aircraft hours, payload, and earnings represent 100 
percent of the designated quantity. The divisions show the percentages of 
each quantity allocated to the specific aircraft. 


Analysis of International Market 


Analysis of a typical international air cargo operation via ii^ans of _ the 
MACRO LP parallels the domestic analysis. Most of the relationships deteil^ 
in the analysis of dcxnestic operations such as profitability volume, IOC and 
DOC - profitability effects and the effects of rates and frequency of service, 
are fundamental and inherent in any similar operation. Therefore, it i^ 
necessary to only confirm that the relationships developed in the dorestic 
systan are also applicable to the international system. Thus, the following 
reoort • defines the specific international system inputs and descries the 
si^ificant results that contain different information than the domestic 

analysis. 

Tni-prnational Route System and Demand - The international route network, 
shown in Fiqure V-27, was developed to ierve the import-export transportation 
requirai^ents of the world trade contained in the OECD data bank. The system 
cSsists of 11 routes, for a total of 22 route segments for the LP run. They 
are listed in Table V-13E. 

Five levels of demand were established for the international route system. 
As in the domestic demand, this range is designed to cover many scenarios upon 
which forecasts of the demand may be based. The designation of the levels of 
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AIRCRAFT HOURS 
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1C275 TONS/DAY; 9322 METRIC TONS/'CAY 


FIGURE V-26. OPTIMUM FLEET MIX FOR DOMESTIC OPERATIONS 
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TABLE V-13E. INTERNATIONAL ROUTES AND DEMAND 


Demand - Tons Per Day 



Distance 

Miles 

1980 

1985 

1990 

1980 

HI 

1990 

HI 

1, Europe - North America 

3,495 

97 

98 

no 

201 

328 

2. North America - Europe 

3,495 

88 

88 

93 

143 

233 

3. Japan - North America 

5,633 

120 

136 

163 

202 

330 

4. North America - Japan 

5,633 

104 

127 

150 

162 

263 

5. South America - North America 

4,470 

63 

72 

83 

119 

194 

6. North America - South America 

4,470 

64 

74 

84 

116 

190 

7. Mid East ~ North America 

7,000 

16 

18 

21 

25 

41 

8. North America - Mid East 

7,000 

27 

35 

44 

48 

78 

9. Far East - Europe 

8,309 

64 

74 

81. 

146 

237 

10. Europe - Far East 

8,309 

65 

63 

62 

93 

152 

1 1 . Africa - Europe 

5,483 

28 

25 

16 

63 

102 

12. Europe - Africa 

5,483 

138 

150 

164 

210 

342 

13. Mid East - Europe 

2,433 

7 

6 

7 

12 

20 

14. Europe - Mid East 

2,433 

52 

59 

67 

120 

196 

15. South America - Europe 

4,980 

34 

32 

33 

73 

119 

16. Europe - South America 

4,980 

44 

44 

44 

95 

155 

17. Far East - Japan 

2,600 

72 

91 

112 

97 

158 

1 8. Japan - Far East 

2,600 

103 

124 

146 

203 

330 

19. Africa -Japan 

6,500 

7 

8 

10 

11 

18 

20. Japan - Africa 

6,500 

41 

54 

67 

78 

127 

21. South America - Japan 

10,500 

11 

14 

18 

20 

33 

22. Japan - South America 

10,500 

20 

26 

32 

34 

55 
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TABLE V-13M. INTERNATIONAL ROUTES AND DEMAND 



Distance 

Km 

Demand - 
1980 1985 

Metric Tons Per Day 

1980 1990 

1990 HI HI 

1. Europe - North America 

5,592 

87 

88 

99 

181 

295 

2. North America - Europe 

5,592 

79 

19 

84 

129 

210 

3. Japan - North America 

9,013 

108 

122 

147 

182 

297 

4. North America — Japan 

9,013 

94 

114 

135 

146 

237 

5. South America - North America 

7,152 

57 

65 

75 

107 

175 

6. North America - South America 

7,152 

58 

67 

76 

104 

171 

7. Mid East - North America 

11,200 

14 

16 

19 

23 • 

37 

8. North America - Mid East 

11,200 

24 

32 

40 

43 

70 

9. Far East - Europe 

13,294 

58 

67 

73 

131 

213 

10. Europe - Far East 

13,294 

59 

57 

50 

84 

137 

1 1 . Africa - Europe 

8,773 

25.2 

23 

14 

57 

92 

12. Europe - Africa 

8,773 

124 

135 

148 

180 

308 

13. Mid East - Europe 

3,892 

6 

5 

6 

11 

18 

14. Europe - Mid East 

3,892 

47 

53 

60 

108 

176 

15. South America - Europe 

7,968 

31 

29 

30 

66 

107 

16. Europe - South America 

7,968 

40 

40 

40 

68 

140 

17. Far East - Japan 

4,160 

65 

82 

101 

87 

142 

18. Japan - Far East 

4,160 

93 

112 

131 

183 

297 

19. Africa - Japan 

10,400 

6 

7 

9 

10 

16. 

20. Japan - Africa 

10,400 

37 

49 

60 

70 

114 

21. South America - Japa 1 

16,800 

10 

13 

16 

18 

30 

22. Japan - South America 

16,800 

18 

23 

29 

31 

50 
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deniand, 1980, 1985, 1990, 1980 Hi, and 1990 Hi, are different than those used 
in the domestic case, which employed maximum and minimum and increments 
between. The syston used in the international case is iiterely more convenient, 
and the designation does not necessarily relate to the year noted. The speci- 
fic notations in each case are used only for ease in tracking the statistical 
data during the course of the analyses. 

Inteipational Costs - The mission parameters and aircraft characteristics 
of the international aircraft candidates are given in Table V-4 . Direct 
operating cost curves similar to the curves for the international aircraft are 
shown in Figure V-28. 

When a specific route exceeded the maximum payload-range of the aircraft, 
the route analysis was performed by adding enough steps to enable the 
candidate aircraft to fly the routes with full payload. Costs for these 
routes will include DOC for all segments, IOC for one segment and aircraft 
servicing and aircraft control portions of IOC for each additional segment. 

Cargo rates for the international cargo novements were taken directly from 
the tariff published in October 1977. Typical origins and destinations repre- 
senting each route segment were selected but the data did not lend itself to 
linearization as in the case of the domestic rates. The data were scattered 
in relation to costs per mile; therefore, the actual rates for typical 
origin-destinations were used. 

The indirect operating cost (IOC) for the international network were 
developed in the same iranner as the IOC for the domestic network. Since scale 
factors for mest IOC functions are different for international and doriestic 
IOC, the IOC for international operations is higher than for equivalent domes- 
tic operations. The international air cargo data were applied to the air 
cargo analysis system previously described. Figure V-14. The results of the 
computer runs are described in the following paragraph. 

International Fleet Mix - The fleet mix selected in the ccxnputer run is 
shown in Figure V-29. It consists of three aircraft; 1-125, 1-220, and 
1-330. As the magnitude of the payload increases, the percent carried by the 
1-125 aircraft decreases rapidly, while the percentage carried by the 1-220 
increases moderately and the percentage carried by the 1-330 increases more 
rapidly. 


Aircraft Size and Fleet Mix Analysis 


From the data derived from the MACRO Route Analyses both domestically and 
internationally, it is quite evident that mrket size and share of the market 
have a direct effect on fleet mix. 
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- For the dcroestic analysis, the MACRO was the choice of four 
advanced technology aircraft as follows; 

D70 

D125 

D220 

D330 

The specific characteristics of these aircraft were given earlier in this 
section. 


The niaximum domestic cargo d^nd in 1990 was 32,000 tons per day for the 
total representative U.S. domestic system which consisted of six city pairs. 
As shown on Figure V-26, the fleet mix analysis was conducted on reduced 
number of daily tons so as to represent various levels of a potential 
oerator's share of the market, the minimum being 570 tons per day (516 metric 
tons per day) and the maximum being 10,275 tons per day (9322 metric tons per 
day). Six levels of market share were considered, representing 2, 8, 14, 20, 
26, and 32 percent of the total. It is of interest to note that the set of 
data in Figure V-30, representing a 2 percent (570 tons per day; 516 metric 
tons per day) share of the market, indicates that the EV-70 aircraft consuiiKs 
88.5 percent of the operational hours while moving 59.5 percent of the cargo 
and contributing only 47 .9 percent to total earnings. This fleet mix reguires 
87 percent D70 and 13 percent D-330's. The most significant changes in fleet 
mix occur when the operator's share of the market changes from 2 to 8 to 14 
percent. Once a^ volume of 4452 tons per day (4030 metric tons per day) is 
^s^*^bed, fleet mix reguirements remain fairly stable with approx inetely 18 
percent D-70 and 82 percent D-330 aircraft. 

International — The maximum international daily air cargo demand in 1990 
was 37,000 tons (33,300 metric tons) for the total system. As shown in Figure 
V-29, the daily denfand was reduced to represent various levels of potential 
cperator's share of the market; the minimum is 1262 tons/day (1135 metric 
tons/day) and the maximum is 3701 tons/day (3331 metric tons/day. The MACRO 
was offered four advanced technology aircraft: 

1-125 


1-220 

1-330 

1-440 

The specific characteristics of these aircraft were also provided earlier in 
this section. 
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a. D- = 1262 TONS/DAY; 1135 METRIC TON5/DAY 



b. = 1409 TONS/DAY; 1268 METRIC TONS/DAY 


1-220 



1-330 /^I6%X 

/1-330 ^ 

/>330 

( I9%\/ \ 

/ 39%/fl,,A 

1-220 

1 1-125 i 

1 1-125 \28%/ 

\l-12SX. / 

V 65% / 

\^% \y 

\^% V 

c. = 1603 TONS/DAY; 1443 METRIC TONS/DAY 




d. = 2271 TONS/DAY; 2044 METRIC TONS/DAY 


/N330 \ 

/l-330 \ 

/i-330 \ 

( 72% \ 

1-125 f 91% \ 

l-125(_^'« ) 

1-125 y9%/\ J 

6% J 

7% / 

1-220 XT / 

1-220 V y 

1-220.9% 

3% ^ 

4% ^ 

e. D.J. = 3701 TONS/DAY; 3331 METRIC TONS/DAY 



FIGURE V-29. INTERNATIONAL FLEET MIX 
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alEfiioro^ tS ™lx analysis was 

Of two. The fleet mix reaurempnfc: c 4 -aK-ii- sizes were selected instead 

ttarket exceeds 10 percent^hich Is similar S **® 

percent share of toe mrket, 1409 tons/daT analysis. With a 4 

fleet mix is comprised of 59 perrent as ' th® 

cent I-330's. with 10 percent « Perrent I-220's, and 6 per- 
(3331 metric tons per day) the fleet mix to ^ market share, 3701 tons/day 
I-125's, 4 percent I-220's, and 82 ^rS: to 14 percent 

dtoB^ic^nd totetoSar post 1990, both 

payload (150,000 kilos) rangrand a smaller''alrcra£?’^?S,lihl‘'’® 
of 70,000 to 125,000 pound payload (32 723 to n 0 fin'n a feeder type, 

that an interrediate-s^e atooSft (i e i ofm 1' ,a ,1 ?'"’•. unlikely 

the small number required . ' • • ^ 220 ) would be developed because of 

fleet mix requirer^n? for^ tot^ dom?ti?ln? f^^ analyses produced a total 

These aircraft require..ntrw^r?Teveiop^3^f^^^^^^^ 

understanding of what changes might oc<S: over^tho ^ 

frame for an AACS. ^ initial operational time 


Domestic 

Low 

1990 

High 

Low 

2000 

High 

70,000 Lb. (32,000 Kilos) 

34 

34 

40 

31 

330,000 Lb. (150,000 Kilos) 

51 

55 

42 

74 

International 





125,000 lio. (57,000 Kilos) 

105 

45 

64 

39 

330,000 Lb. (150,000 Kilos) 

61 

213 

104 

408 
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Summary of Findings 


Based on the projected price-demand relationship remaining relatively 
elastic through 1990 with rate reductions of 45 percent, airline operators' 
marginal earnings remain positive. That is, each ton of additional cargo will 
produce additional earnings. 

Increased frequency of service to satisfy service sensitive demand reduces 
potential profitability, but as the overall demand increases, the frequencies, 
even with the largest aircraft, are probably above the threshold of service 
requirements. Efficient scheduling can solve service-sensitive, low-volume 
market problems with minimum effect on profitability. 

The reduction in direct operating cost associated with advanced- technology 
aircraft and the opportunities for economies of scale available in intermodal 
operations provide the potential for overall cost reductions that are conmen- 
surate with the rate reductions in the price elasticity of demand of the 
forecast for 1990. 

The aircraft fleet requirements for optimum donestic operations indicate a 
need for 57 to 65 new 330,000-pound (149,685 kg) payload intermodal freighter 
by 1990. 

The upper boundary of the international air cargo demand forecast results 
in requirements for 213 similar 330,000-pound (149,685 kg) payload aircraft. 
Thus, the combined requirements for a basic aircraft of this size, including 
both short- and long-range versions in 1990, could be as high as 278. 

In addition to the 330,000-pound (149,685 kg) payload aircraft, there is a 
transient requirement for smaller aircraft. The analysis indicates r^uire- 
ments for 71,000 (32,204 kg) pound payload aircraft in domestic service and 
both 125,000 (56,699 kg) and 220,000-pound (99,790 kg) payload aircraft in the 
international operations. After 1990, the need for these aircraft decreases 
as the market continues to grow. More detailed analysis is needed to investi- 
gate alternative means of satisfying this need. 
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VI - ELEMENTS AND SEQUENCE OF CRITICAL EVENTS 


Introduction 


Although cargo has been carried on aircraft since the 1920' s, air freight 
other than mail was not seriously considered as a viable freight mode until 
the late 1940' s. Major technical break-throughs during this period in high- 
speed aerodynamics and the jet engine brought forth the modern-day passenger 
jets v^ich have been subsequently converted to all-cargo configurations. 
These events led to many c^timistic projections over the years that air cargo 
was about to beccine of age. However, although there has been significant 
growth in air cargo over the last 20 years, it has yet to realize its full 
potential. Many users of air cargo still look upon this mode as being 
strictly an emergency means of moving their goods, and they have not planned 
to consider it for routine use in the near future. 

Now, as revealed by the Case Study results presented in Section II of this 
report, there is a definite change in user attitude toward the future of air 
cargo. The users indicated they would make routine use of an advanced air 
cargo system such as that postulated in the 1990 Transportation Scenario, 
This section deals with the elements and critical events necessary to the 
definition, planning, and implementation of an advanced air cargo system. 


Elements 


If the Advanced Air Cargo System is to gain the use predicted by the Case 
Studies, a number of elements must be identified, resolved, and in place in 
the minds of the user: 

o An efficient, effective, intermodal cargo aircraft. 

o A conpatible set of transportation equipment, containers, and rolling 
stock that are interchangeable among modes and captive to none. 

o An agreed-upon set of ground-interface equipment. 

o Interchange agreements between all modes as to the use and responsi- 
bility for the above. 

o Door-to-door through-service with consolidated tariffs and bills-of- 
lading. 

These elanents are important in the minds of the users (shippers, con-' 
signees, and surface transportation companies) because each is necessary to 
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bring about an operational systan that represents a significant improvOTent 
over today's system projected to 1990. 


Critical Sequence of Events 


The development of an expanded air cargo market and an advanced air cargo 
system is critically dependent upon the timely occurrence of a series of 
actions and events involving both the private sector and governmental 
agencies. That series is depicted in Figure VI-1. The upper branch addresses 
the civil need and technological capabilities. The NASA Precursor Program is 
a good example of an activity new in progress on that branch; the recommenda- 
tions of Section VII of this report also fall on that branch. The lower 
branch of Figure VI-1 addresses the organizational/administrative/financial 
aspects which must be resolved to enable the advanced technology to be used to 
satisfy the demand. An excellent example here is the "Issues of Conmonality" 
study to be contracted for later this year by the Air Force, using Air Force 
and -NASA funds. 

The following discussions expand the blocks of Figure VI-1; the numbered 
items refer to tlie block numbers on the figure. 

1. Ai essential first step is recognition and acceptance of the 
significant potential growth in the air cargo market which would 
result fran the advent of an advanced air cargo system - designed from 
the outset as a fully conpatible element of an integrated national 
transportation system. 

2. General agreement must follow on the need for an all-new freighter 

aircraft as an essential element of the advanced air cargo system. An 
advanced-technolo^ air freighter is essential to enable commercial 
operators to provide high-quality service at price levels necessary to 
promote the projected demand. The potential benefits that could 

accrue might prove enormous, ranging from substantial cost reductions, 
to improved earnings, to the opening of entirely new markets, to trade 
expansion, to inproved balance of trade. 

3. The first step on the lower branch is acceptance by cotimercial 
carriers and the military of the need for a joint industry/government 
program to obtain common objectives. The military need for additional 
outsize strategic airlift is generally accepted; only the precise 
quantification of that need remains. A combination of that military 
need with the civil need from block 2 should allow acceptance of a 
joint program. Neither the civil nor military sector alone is likely 
to obtain adequate funds or other essential support toward the 
development of an advanced large cargo aircraft which both need. An 
advanced air freighter, develcped under a joint military/commercial 
development program and priced to commercial operators at a level that 
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offered lower total operating cxDsts than other available aircraft, 
would not only reduce the governnent investment required to satisfy 
world-wide national defense ccnunitments but could generate a profit- 
able stimulus for ccmmercial air cargo. The prospect of unremitting 
economic pressures of continuing inflation and corresponding con- 
straints on both private industry and defense financial budgets 
strongly _ suggest that a government-industry partnership may offer the 
only satisfactory solution of basically common objectives in improved 
air cargo transportation. 

4. Many issues will require early identification and resolution before a 
joint civil/imilitary program for the developient and procurement of a 
cammon advanced cargo aircraft system can be judged practical and can 
proceed. The Air Force (ASD/AFSC) is currently evaluating industry 
proposals for conducting a comprehensive examination of all issues 
related to the acceptance of a commonality concept. Aircraft design 
options are being addressed by separate current Air Force study 
efforts. A principal objective of this effort is to define each 
issue, including the background and fundamental causes and the 
analysis of events necessary to resolve selected issues. Among other 
things, the "Issues of Ccmnonality" study will prioritize issues 
according to criticality to the successful completion of a common 
aircraft program. This study is considered to be an essential 
precursor to the formulation of a successful program plan for the 
acquisition of a joint civil/railitary cargo aircraft. 

5. The government's role in facilitating the development of the advanced 
air cargo aircraft must be determined. The degree/extent of joint 
government-industry participation, the nature and extent of planning 
influence and division of management responsibilities, the formula for 
sharing financial burden, among other things, need to be addressed and 
resolved during the concept-definition phase of the proposed program. 

6. Under present system acquisition processes, the development and pro- 
duction time period for a ccmmercial air freighter (4 years) would be 
much shorter than that for a militaiY cargo aircraft (9 years). In 
recognition of these lead times, a firm go-ahead decision must be made 
during the mid/late 1980 's to meet the projected market demand. 

7. The joint civil/military development and acquisition program must be 
formally established as a matter of national priority by tlie Executive 
and Legislative Branches of the Government. 

8. Specific responsibilities in the joint civil/military air cargo system 
developiant and acquisition program must be assigned to individual 
governmental agencies. The decision to assign primary government 
responsibility to the DOT or to the DOD would be an important 
influence on whether the aircraft design would favor commercial needs 
or military needs. One way in which all the diverse interests and 
posibly conflicting policies may be brought into proper perspective 
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and resolved might be to assign the responsibility to a single federal 
agency and to establish a joint government-industry ccmmission to 
provide policy guidance to that agency. Such a commission, estab- 
lished by the Executive Branch, might be composed of representatives 
from t±e legislative and executive branches, the DOD, other government 
agencies, and leaders of the air and surface transportation indus- 
tries . 

9. An organizational structure must be formed with appropriate private 
sector and/or government representatives for the planning and manage- 
ment of the civil/military large cargo aircraft development and 
aoguisition program. 

10. ^propriate legislation must be enacted to develop an efficient air- 
freight transportation system for both the civil and military sectors 
and to enable/ensure that the civil operators, the DOD, the DOT, and 
NASA wark together to achieve this goal. 

11. A basic: system design philosophy must be formulated which is mutually 
acceptable to both potential canmercial curators and the Air Force. 

12. System requirements and interfaces must be derived and integrated 
based on the system design philosophy. Air craft payload, range, 
design density, cargo corpartment dimensions, loading methods, termi- 
nal requirements, container . interface requirenents, and ground 
handling requironents will be specified. 

13. The system design concept can then be finalized with the appropriate 
aircraft, facility, ground equipment, and personnel elements. 
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VII - CONCLUSICWS AND RECOMMENDATIONS FOR FUTURE STUDIES 


Conclusions 

Although a great deal more work and analyses are needed, the NASA Carqo/ 
logistics Airlift study has provided with several preliminary findings: 

1. ^ere ^ a ne^ for a dedicated advanced air cargo systen as indicated 
by the Indus try/transportat ion conpany Case Studies. ihe shipper/ 
consignee is interest^ primarily in lower rates and faster, reliable 
service. He is definite and specific in his desire for an intermodal 

and/or trailer with dimensions of today's surface equipnent 
that he can load himself as a partial load or a full truckload. 

Tte surface carriers - truck, rail, and ocean - also indicate consider- 
able use of an advanced air cargo system as a substitute service, 
s^lar to that of rail piggyback. Again, the surface carrier wants 
his future intermodal equipment to be accommodated directly bv the 
aircraft. ^ ^ 

2. fesed on the denies tic and international case studies, the air carqo 
demand forecast shews that the introduction of an integrated advanced 
air <^ 1^0 systan would, in fact, stimulate the market place to an 
extent that development of a next-generation, dedicated air freighter 
is i^icated. At this time, it appears that the international narket 

n c aj^craft is approximately 3 to 4 tiires as great as for the 
U.S. domestic market. 

3. The economic analysis of the air cargo market indicates that, with the 

technology and more efficient Intermadal 
handing of the freight, door-to-door air freight reductions of 45 
percent, from today's rates, may be achievable. 


Recemmendations 


lockheed's reccanmendations fall into two areas; 
system analyses and technology development. 


(1) the market and (2) 


. . of the world air freight market, it is reconnended 
? analysis be undertaken. lockheid «as graSiSi to 
find the high level of interest and cooperation exhibited by the prestioious 
c^^ies that responded, and_ the vealth of valuable information they pro- 
vided. It would be most beneficial if additional questions could be directed 
to selected cenpanies in specific commodity groups. 
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Next, beyond those already cxjnducted, additional case studies in the inter- 
national narket are needed. International air cargo potential looins several 
times larger than U.S. domestic potential in the 1990' s. the relatively 
modest number of international case studies should be e>^)anded to balance the 
domestic data bank. 

The third area recomnended for additional study also addresses the 
international narket, particularly potential changes in distribution and 
manufacturing ^ttems. A more in-depth study is needed of this trend, vrtiich 
was observed in several of Lockheed's foreign case studies. Significant 
shifts in the location of sub-assembly and finished goods operations will 
probably inpact the denand for inproved and expanded air cargo service. 

Finally, the potential of new markets, v^olly apart from those addressed 
in this stu<^, nerits attention. Those are the markets created by developing 
nations and by major changes in geopolitical relationships, such as those of 
irainland China and Eussia. 

All of these studies would help increase the confidence level of the CIASS 
market projections and further illuminate some of the opportunities and 
hazards in the rapid growth period ahead. 

Technology - With a good estimate of the market base in hand, we need to 
identify those areas of analysis and technology required to iiBke the advanced 
air cargo system economically and environmentally sound. 

First, a refined payload and fleet size and analysis should be made to 
establish the preferred size and quantity of aircraft, because aircraft size 
and fleet mix are sensitive to the market size and the operator's share of the 
market. Since the initial efforts of the CLASS program investigate only one 
slice in time, 1990, it is most important to recognize that these data do not 
actually reflect the complete operational time frame for an advanced techno- 
logy dedicated air freight systan. The potential operational time period is 
more like 1990 to 2020. Lockheed recommends using conputer models for further 
parametric ^yload analyses based on updated market forecast. This would 
provide an insight into the needed aircraft size and would help identify a 
family of aircraft with sufficient grcwth capability to satisfy the coplete 
time frame. These studies should be carried out in conjunction with a select 
group of donestic and foreign air cargo carriers, surface freight transporta- 
tion companies, and shippers and consignees. In this way, tlie freight 
transportation user and operator can share their operational experience and be 
a party in the shaping of initial future plans. This will enable NASA to 
better determine; (1) what technology developments will be available, (2) how 
and when the technology may be applied, (3) what size aircraft best accommo- 
dates the market, and (4) the market size. 

Second, tliere is a need to identify and assess environmsntal concerns and 
their demands on technology. Concerns involving fuel conservation, engine 
emissions, and noise footprints are becoming more and more prominent. For 
example, noise constraints are reflected in the trend toward imposing 



nighttinK curfews at many key foreign and a few domestic airports. Yet, air 
freight must nove by night to achieve its full potential. 

A major application of and challenge to advanced technology will be to 
achieve a "quiet night freighter." ihe technology areas of propulsion, 
acoustic suppression, aeroc^amics, and advanced materials must be examined 
and pursued toward the end of developing an advanced air cargo system capable 
of operating_ from airports during the night hours. These are specific problem 
areas that iirpose more stringent requirements on cargo aircraft out of the 
necessity to operate at night. There are numerous trade-offs, for instance, 
in airport performance between high-lift devices, engine nacelle acoustical 
treatment, engine selection and location, application of composite structure 
and leading-edge/flap laminar flow control. These trade-offs should be 
examined for various configuration arrangements vrfiich consider fuselage length 
and width, variable incidence wing, high/low wing location, blended wing-body 
cattoinations, and cargo/passenger combinations v^ich do not compromise cargo 
operations for an advanced-technology, dedicated air freighter. 

Third, with the expressed need to lower door-to-door air freight shipping 
costs lodcheed recommends that these technology applications be examined in 
detail to determine \4iich combinations might lead to lower operating costs, 
and hence, lower air freight rates. 

Armed v/ith the facts from future studies of this scope, NASA can identify 
the levels of technologies required for the best economies, and the timing for 
the development and application of these technologies. 

Each of these areas should also be examined to identify and assess more 
closely the limiting technology and environmental constraints on future air 
cargo operations. 

All of this leads to the point that experience shows it takes 12 to 15 
years to bring a system from its initial conceptual phase to operation. As 
showi in Figure VII-1, 82 percent of our case study participants indicated a 
need for the advanced air cargo system to be operational by 1990. In light of 
this fact, NASA is urged to pursue these future study reccmmendations with a 
minirium of delay. 




FIGURE VII-1. TIMING OF NEED FOR AACS 
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APPENDIX I-A 


AIR-SURFACE COMPARISON SURVEY FORMS 


AIRPORT SURVEY 
Trans World Airlines 
Lockheed-Georgla Company 


AIRPORT OFFICIAL: AIRPORT: 

Name _____________________________ Name _ 

Title City _ 

DATE: Country_ 


A. GENERAL AIRPORT CHARACTERISTICS 

1. What is the total surface area of the airport: 

a. Grounds (excluding buildings)? _ Units; 

(Sq. Feet, Sq. Meters) 

b. Buildings. Units; 

(Sq. Feet, Sq . Meters) 

2. What is the total number of passenger gates? 

3. What is the total number of gates for all-cargo aircraft? 

4. What year was the airport opened? 

5. What are the major restrictions on airport cargo operations with respect to; 
a. Saturation (dai ly/weekly/seasonal peaks in aircraft movement)? 


b. Use of slots (high density traffic allocation)? 


c. Night-time operating restrictions/curfews? 


d. Gate limitations (aircraft size restrictions)? 


e. Noise restrictions (other than curfews)? 
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6. Vrtiat are tbe maximum and mii'‘ -ium number o£ aircraft movements scheduled per hour 
under VFR conditions? 

Maximum Minimum 

7. With respect to airport accessibility: 

a. What is the distance (auto miles) from the city center? 


Units: 

(Miles, Ki lometers ,etc . ) 

b. How many minutes are required to reach the city center during peak hours? 

During off-peak hours? 


c. .What long distance or limited access highways provide access to the airport? 


8.. With respect to airport operating parameters: 
a_. What is the maximum lengbh/width of runway? 

Lengt h Widt h Units 

b. What is the maximum weight capacity of the runway? 


(Feet, Meters) 


Units : 


(Pounds, Kilos) 


9. General: 

a. What is the location of the airport? Longitude^ Latitude 

b. Wliat is the elevation of the airport? ________ Units:^ 

(Feet, Meters) 

c. Wliat is the climate of the area? 

(1) Summer temperature range: Units: 

(Fahrenheit, Centigrade) 

(2) Winter temperature range: Units: 

(Fahrenheit, Centigrade) 


FREIGHT FLOW AND OPERATING CHARACTERISTICS (Data collected: 19 ) 

1. Approximately how many tons/tonnes of scheduled cargo are handled annually? 

2. Approximately how many total tohs/tonnes of cargo are handled annually? , 

3 What percentage of the cargo handled is: Domestic?^ _% International? % 

IIdw many enrriurs serve the nirpurt? 
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A. 



5. With respect to passenger boardings, what arc the top ten passenger carriers serving 
the airport?. (Please rank, with "I" representing the carrier with the most passenger- 
board ings) . 



6. With respect to annual tons of cargo handled, please rank the top ten carriers which 


offer all-cargo flights. 



1 . Which carriers have the most mechanized and/or automated cargo handling facilities? 



8. What is the average number of weekly all-cargo flights which are: 

) 

Scheduled? Chartered/Other? 

9. What is the average number of weekly all-cargo flights on: 

7A7s? 707 /dC8s? Other jets? All other 

(727,737,DC9, etc.) 

10. What is the average number of passenger flights per month? • 

11. What is the average number of international flights per month? 

a. Passenger flights: Scheduled ? Chartered /Other ? 

b. All-cargo flights: Scheduled? Chartered /Other ? 

12. What is the ratio of belly cargo to total cargo? Belly/Total = ______ 
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OF PC.:. 


13. Wliar is llKf ratio of unitized (containoi ized/pallotizod) cargo to total cargo? 

Uni tizcd/Total = 7, 

l/i. Wliat i the ratio of shipper unitized (structural container) to total cargo? 

Sliipper uiii tized, 'Total = % 

15. Wliat percontage of containerized freight is shipped in 8'x8' containoi s? 


fAKf.fi jyv 

;'.I’:‘'.h F.^CIhITll',8 (Data collected 

: 19 ) 





1 . Wliat 

is the approximate total surface area of cargo- 

related ; 





a .. 

Ground areas (excluding buildings)? 

Units ; 








(8q. 

Feet , 

Sq. 

Meters) 

b. 

Buildings? 

Units ; 








(Sq. 

Feet , 

Sq. 

Meters) 

c . 

Non- tiove loped areas available for expansion? 

Units ; 








(Sq. 

Feet , 

Sq. 

Meters ) 

2 . How 

many cargo-related buildings are located at Che 

airport? 






3. Ilou many truck docks are located at tlie cargo terminal/s? 

u . Tk.U’Kic fiKRViriN’r; k:'A\ ti:p.mi:;ai. costs 

1. V'hat is the aiiproxi mate cost of aircraft fuel in your It'cal area? 

(Please .specify currency and units, i.e., dol lars/gaT Ion , etc.) 

2. With respect to average costs; 

a. Wliat is the average hourly wage for local cargo viareliouso personnel? 
ptT hour. Currency units: 






( 1)0 liars, 

Pounds , 

Francs , 

etc.) 

b. 

What 

arc 

cargo handling costs per ton? 








per ton. Currency units: 








(Do liars, 

Pounds , 

Francs , 

etc , ) 

c . 

Wliat 

arc 

the 

average terminal construction costs? 








per square foot/raeter. Units: 








(Dollars, 

i’ounds , 

Francs , 

etc.) 

d. 

What 

a ro 

the 

average termin.il leasing cni.ts? 








per squ.'iii' f no t /me Lt*r . 
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2. Average Costs (Continued)' 

e. What are typical landing fee rates for: 


707?_ 

747? 


Currency units: 


(Dollars, Pounds, Francs, etc.) 


DCS? 


f. What are the average storage costs in the cargo terminal/s? 
■ per square foot/meter. Units: 


(Sq. Foot, Sq. Meter) 


ADDITIONAL COMMENTS: 


Thank you for completing this survey. Your assistance is 


sincerely appreciated. 
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APPENDIX I-B 


AIRPORT SURVEY FORMS 
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ROUTE: 

TITLE: 



COMMODITY : 

COMP,\>!Y : 




ADDRESS: 


Trana World Airl'inea 

SHIPMENT DESCRIPTION: 



Lockheed-Georgla Company 





TELEPHONE : ( ) 


September 1977 


TRANSPORT MODE: 





(Kotor, Rati, Sea, Air, Freight Forwarder) 


SHIPMENT SI Z E 



Weight “ 500 lbs. 
Volume “ cu.ft. 

Weight - 3,000 lbs. 
Volume “ cu.ft. 

Weight - 20,000 lbs. 
Volume “ cu.ft 

I. RATES 

A. Given the above ahlpment description, please 
indicate the applicable mode transport 
tariff rate for shipments of each sample 
size. 

$ 

5 

$ 




B. Would container/truckload rates be available 
for a shipment of this size? 

Yes 

Yes 

Yes 

No 

No 

No 

C. If so, what would the tariff rate be? 

$ 

■ $ 

$ 

D. Does this tariff (for a shipment of this 
size) include door-to-door delivery? 

Yes 

Yes 

• Yes 

No 

No 

No 

E. If door-to-door delivery is not included in 
the tariff, please specify Pick-up and 
Delivery charges (for weekday service). 

$ 

$ 

i 

! $ 



1 

1 

F. Please describe and estimate any additional 
charges which would apply between origin 
and destination on this route. 




:i. SERVICE 

A. What is your estimate of the actual mode 

transport time for a shipment on this route. 

dav/s 

dav/s 

dav/s 

B. What is your estimate of total time for 
Pick-up and Delivery of this shipment? 

day/s 

day./s 

dav/s 
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SHIPMENT SIZE 



Weight “ 500 lbs. 
Density - cu.ft. 


Weight - 20,000 lbs. 
Density - cu.ft. 

SERVICE 

C. Is it likely that containers will be used 
for this shipment? 

If so, please Identify and describe type: 

Yes 

Yes 

Yes 

No 

No 

No 




D. If a Pick-up & Delivery service is to be used, 
who will provide the service? (Indicate one: 
shipper, freight forwarder. Independent 
trucker, carrier cartage agent, broker, 
consolidator) 




E. (International routes only). What is your 
estimate of the time required for Customs 
clearance of this shipment? 

12 hrs or less 

13-23 hours 

12 hrs or less 

13-23 hours 

12 hrs or less 

13-23 hours 

1-2 days 

1-2 days 

1-2 days 

3-4 days 

3-4 days 

3-4 days 

5 or more days 

5 or more days 

5 or more days 

F. What is your frequency of scheduled service 
on this route? (Freight forwarders omit 
this question) . 

trips/week 

trips/week 

trips/week 




G. What is the average number of shipments 
processed on this route per week? 

shipments 

shipments 

shipments 

per week 

per week 

per week 

H. What is the average number of pounds 

shipped on this route (in your operation) 
per week? 

pounds/week 

pounds/week 

pounds/week 



- 


I. What is your claims ratio, i.e.. Overage, Shortage and Damage claims expressed as a percent of revenue? Z 


J. What are the main causes of delay encountered on this route? 
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EXEMPTION DOCUMENTS FOR BOSTON 


CURFEW HEARINGS - 1978 





FLYINLH Li NR 

WOrtCO WAV wc%T 
iNfcrt^iAtio^^. I. *i<««.o0v 
A***f>CCII5, CA^fVO*>*«iA *>OO0® 


!rc<.\tr.".M«.>„ December '28, 1977 

Ms, Donna I’erman 
?'<assacluisctls Poi’t Antbority 
T.ojjaii International Airport 
Doston, Massachusetts 

Re: Petition for Exemption- -Flying Tiger Flight 2-13 
Dear Ms. Berman; 

Pursuant to Part E. Article HI, Paragraph B. •» of the Rules and Re^u- 


Airport at 0030 hours', Tuesday through .Sunday. . 

■ As the attached material sets forth. Flying Tiger v.-erald be severely 
impacted in the event Flight 243 was required to be re-scheduled into the 
earlier evening hours. The present departure time, which offers as its 
primary adv.jut.nge .a highly dcsira.blc late-night "closing” for si-.ipments 
outbound from Boston, is conveniently scheduled j'or connectir.g ser’-dee 
over Chicago on other Flymj Tiger flights in order to provide overnight 
service to most major U. S. cities'. The Gnal destination of Flight 243 is 
Los Ajigelcs with an arrival of 0600 hours w’lich provides even the most 
distant V/cst Coast customers with sliipments ready for picl:-uo nrior to 
the next v/ork day. In addition, Flight 243 conn.:cts over Clnc.aao to Fly- 
ing Tiger's prime time d.aily international dep=irb:ro at 0320 hours which 
in turn provides prompt service for the Boston shipper to the major cities 
in the Far East. 

Flight 243 has operated at Logan Litcrhalional Airport between the 
schcdtilcd tunes of 0030 and 0100 hours since the Flight's int,n,pduction on 
Septcinber 30, 1968. The iligl'.t has operated v.itliout interruption since 
that lime on Tuesday through Saturday with the Sunday scr\ic'e added in 
July, 1973 in response to demand from Boston slnppers. 

We look forward to your favorable consi-ltiration of the attached Petition 
and the opportunity to provide you with wliatovor further information you may 
need. Any questions relating to the Petition should bo directed to the under- 
signed. 

Very truly vours. 




Carl Swarta 


CS/ sw 
Att.achmcnt 
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jPF p 0 i r: ■ ' • ■• yv 


?.■■.; ' a. -.11 t 

Tlcisi Co.':‘oo 3 1 1 1 On 


A. State tho coraooaltloti or your current alX-cari,-o flcjt. 

Aisc?-«J'r rrP 3 A:ro sfjues no. ih fleet pa-/ load part 35 

■,i«. : ^ — - ■ - — yes no 


DC -8-55 
DC- 8 -. 61 
DC-S -63 
B- 7 'J 7 


1 

2 

5 


no 

no 

no 


yes 


B. Describe all .projected changes In all-cargo fleet coooosition. Includ» 
current or anticipated nsu aircraft orders, Icasinj arra-geneats 
retrofit or retirement schedule of aircraft currently in fleet. 

and alrcraif is presontly on lease -to" Flying Tl~er 

and Is due to return to the lessor on January 31. 1973?® “ 


• I 

be returne 


3. 


C. 


(continued on attached page) 

•>v.-4 Flying Tiger Service pattern at Boston, as reflected In 

the Implementation Plan submitted on August 31 IQl? f 

^rearer -J'-caii the-e. forts ^aken to provide FllKht 2i^l service hv 
an aircraft certificated to Part 36. * ^ service by 

2 <j '3 oIJrater^S''T? ^^7 records indicate that Fll'rht 

Of 7 ^?r ?hL and Chicago at a load factor 

<actor Is based unon asslgn.me.nt of the DC -3 
Tav,/^^ presently utilized for the service. The 79.93 concar.-'-' 

upon'^Flvin^Ti^ break-even load factor of 6 l 3 based 

y o Tiger operations for the year ending June 30, 1977 . 

(continued on attached page) 
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SECTION I (continued) 


3 . (Mo, *) continued) 


arc bolni; studied. At present j however, tliere are no firm 
acquisition plans Inclucilufj either new aircraft orders or 
leasing arrangements other than as sot forth above, 

Klylng Tiger Is presently studying alternatives relating to 
compliance with the Federal Noise Abatement Regulations issued 
1976, These alternatives Include retrofitting 
the pC-8 aircraft (th 3 non-Part 36 aircraft In the Flying Tiger 
•fleet) with sound absoi'bent material, substituting Part 36 
engines for the existing DC-8 engines, and replacing the DC-8 
aircraft with Part 36 aircraft. The Flying Tiger ■analysis has 
been In progress for over one and one-half years with the fJnll 
decision a-waitlng action by the U.S. Congresron prooosod financ- 
ing assistance. • 


C. (continued)! 


By comp' 
aircral^t, th 
load factor 
below the do 
based upon Fl! 
In addition, 
afternoAn arr 
S'! 3. The typ 
comparison th 


risen, substitution of the only Part 36 Flvlne Tleer 
result In the Flight operating ft a 
V?- resultant operation would be signl flcantli 
oroak-even load factor of 56S which is 
ing llger opoi'atlons for the year ending June 30, 19'i 
uch substitution does not take into account the late 
vai of tne aircraft which becomes the outbound Flltrht 
jeal leads operating on tne inbound leg are less bv 
4 i the outbound Flight 2 ^ 3 . 


■■ Further, the 
take into acco'int 
result in, a crwl 
in Flying', TigeiV s 
operate at nearly 
Asia and fihe Unit 
this market theie 
Biston, wo(uld ba 


Boston substitution of a B- 7'<7 for DC-8 does not 
the system-wide Impact. The substitution would 
cal reduction in lift capability and Drofitablllti 
•Asian operations. Flying Tiger 3 - 747 's generally 
full capacity in the eastbound direction betv/een 
ed States. Any reduction in 8-7^7 availability Ir 
fore, in order to provide Part 36 B-7J^7 service at 
an extremely costly and undesirable alternative. ' 
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picaso dfscrlba tha econoraio Jr-portanco of tho sarvlco to tba Vc'-i 
r'.'filon or a pp-rt thc-rof. 

i-.aiin t of Frc‘lt;ht; Carried on P]lp;ht 2^)3 

As discussed In Section I.C above. Flight. 2'I3 presently carries a 
total of approximately 80,000 pounds per night Including freight, U.S. 

'and foreign mail, and express shipments. A more detailed desci-lptlon ' 
of the Movember, 1977 carriage of Flight 2*43 is contalne.d in Attachment 1 


Attachment 2 shows that on average, approximately 130,000 pounds of 
frc-;lght (exclusive of mall and express shipments) originated dally at 3oc 
tonj curing 1976 for carriage on Flying Tiger to doinestio destinations.* 

Attachment 3 shov;s that a growing volume of international freight,' 
averaging approxlrnately 15,000 per day during 1976, also originated a-t 
Boston for carriage on Flying Tiger. 


The combination of the domestic and i ntern’atlonal cargo originated 
daily at Boston is summarized in Attachment . Approximately. ll!5,000 
poutKis v.ere originated daily at Boston destined for domestic, and inter— 

marv.ets during 1976. This freight is carried by the combination 
of Fllgnt 243 and a later 1015 daily departure. 


Type of Freigh t 

Shipments on Flight 243 generally fall '.into four broad categories 
requiring next-day delivery. The categories' include: 

1. U.S. m.all — Flying Tiger handles mall from the entire New Englan.d 
region. The mall is trucked to Boston and consolidated for dis- 

. tributlon throughout the U.S. and to overseas destinations, 

2. Regular shipments — A number of factors contribute to the choice 

of air for the distribution of products produced and manufacturec 
In the Boston and greater New t!ngland area. The primary stimuli 
for shipment by air Include: the size and val.ue of the shipment; 
the requirement to satisfy a production or order cycle; the desir 
to minimize Inventory carrying cost; the need for reliability in 
transfer;' and, the requirement to maintain a competitive distri- 
bution posture relative to suppliers and manufacturers in other 
parts of the U.S. >. 

3. Perl srnblcs — Flying Tiger provide.s major carriage for perishables 
such 'is fruits, vegetables, sea food, advertising material, live 
animals, newspapers, and radioactive materials. As one example, 
Flying Tiger snips more than one million pounds of tuna to Japan 

» per year. 


(continued on attached page) 

1976 is the most recent year for, -which complete year statistics 
aval lable. 


are 


on 1 1 n uf* d ) 


'I. ^i22.C':';^Jlcy. Shlj.-'m^nto--Flyli) TlFor h-. 

Boston and Ki-oatc-iMJcw Kn('land^--M variety of 

shipper as oinor[;c-ncy shipm.-nts " Tho''i’v° cato/iorl ?;od by the' 

availability would result in , their 

shut-downs, severe out-of-stock iltuatiiis.-^'et^^ 

PjlL^iia/PostJnia ^^^ of Shlpvienf-.. . ' ‘ 

Bi-oateJ^JeriiS^d r^gfon . °^Thls^?e?lo Plight 2H3 is the 

Maine on the nr,,.hh «... ,. ^''^®T®glon encomna.^-.«= r ^ 


through Plvln-Ti ’ markets on the '"est \ °P-''^tlons 

w.roucn Myins Tiger operations in Tr.<, L- 1 „ Coast which are serv»=.H 

At tSChlTiGnt 

aiternatlj^h,^^ 

toaild _.o;,rn.°:. ■■■■■anclsco, So^tlle! ?S„'? ‘J j, 

^iiustrated by Attachn^nf" ^ — CrOfn i?Q , ston hv; 

was carried to gnn^ v ” than 975 Further, 

outbound alrliffc r»f Seoul, Taipei and Tokvo a«? tennat^e 

present schedule. ‘ Is not permitted to continue uSJ iL 


Effgets or C 3 noen:.f-t..n 

m„fw T^® result of transfer of 
methods-either air on lat^r ?l 

dellvery'’of^u'^S° categories of 

--rgency shlp.itf ' 


0^3^,“!?° 0.^;":"“"* =hippi„e 

33.-30 dpflnpi 5So;'“" 

deioypd 3„ P3t?S^!;a ru?r laT°-.t; . 

>liers from other rSonr'who 

well as oionomic health and 


AIC-6 



'•''■-'■■ilil Ui2 ‘Jcl.'iyod. 

For a moro detailed and comprehensive analysis of the effects of 
cancellation of all-carao nl/ilit fll;;hts such as Fll/iht 2i)3 on the New 
rnyland economy, I would respectfully direct the attention of Mnssoort 
authorities to the followlnij: 

1. "The Effects of Limiting Night Plights at Logan Airport". 

Massachusetts Port Authority, August, I 976 . 



"Airfreight's Economic Impact on Boston", Presentation by 
Steiner, Vice President, Marketing, The Flying Tiger Line 
^^uly*'21^^197r^°" Committee on Nighttime Noise Limitations 


R.H. 
Inc . 



'(0R1@1KA.L 
PF POOR 
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RphniluUn;t T^M'fUT.ntiog 

n,«rlba tha «a.on3 that tha fUs« cnnr.ot reasonably ba scheduled 
outsldc'of the restricted hours. 

Market Factors Affectlnf? the SchcdiiHnf fyc. irf^o-lIandllnp; Limitations 

The four general categories of cargo described In Section II ' 
represent approximately , 90? of the volume handled by Flying Tiger 
at Boston for Flight 2<j'3‘. The bulk of t!ie shipments are received 
at the* Flying Tiger Terminal after 2100 hours EST. Because of the 
substantial load factor at v/hich Flight 2 3. operates , a' minimum of 
two and onc-haif hours is required to pi’opare the freight foi> car- 
riage arid load the aircraft. Even a minimal roll-back in the de- 
parture time would adversely effect an estimated 25-30? of the mall 
and an estimated k0% of the other categories of freight. The Impact 
of such a loss In cargo would be to reduce the tonnage carried by 
Flight 2^3 to approximately ^19,000 pounds resulting in a load' factor 
of '<’9?, well below the DC-3 break-even load factor for Flying Tiger 
domestic operatic^s of 6l?. A minimal roll-back would therefore 
destroy the'i economic viability of Plight 2l<3.' 

• i 

As dl siiussed \above , the rescheduling of Flight 2^3 to a non- 
cur'few time vjould yorce shippers into an alternative selection proc- 
ess. The result wbuld be that New England producers and manufacturers 
would Incur 'rtighericosts because of their reliance on alternative 
shipping meth'ods. Hn addition, shippers would suffer a deterioration 
In their comp^titlvy posture because of their iiiability to meet com- 
petition throughout^ the country which Is- able to rely upon air trans- 
portation dperatingjat optimum flight times. 


Effect on Othe r Flyiag T iger Services of Rescheduling Flight 243 to a 
No.n-nestrlcted Time lerTod 

Flight 2*J 3j originates in Boston and Is operated with the DC-8 ’ 
equipment which arrivis at Boston as Flight at 1755 hours. The 

critical concern In rescheduling Flight 2'J3 to a non-restrlcted time 
is foreclosing tSie Flight to the shipper. The Flight 24 3 aircraft is • 
available for an-^earlltr departure but, as set forth above, such a 
roll-back would fesultyin a loss. in the economic liability of the op- 
eration. Simply statee. Flight 243 is scheduled in response to the 
'demands ol' the market Ind the roquiremerit of the shippers for a late- 
night operation. ‘ 

The economic viab: lity consideration' can also be treated in terms 
of aircraft utlllzatioti. An earlier departure from Boston, with a load 
below the br-eak-e'ven load factor, results fli-st in the aircraft being 
undcr-qtilissd between . Boston and Chicago, and second, in the aircraft 
nonetheless being heldiat Chicago until its presently scheduled depar- 
ture time of 034d. Plight 243, as it presently operates, is scheduled 
to receive conneqting westbound cargo over Chicago from Chicago, Cleve- 
land, Phi ] ade Iph ija , .New York, Detroit, and -Syracuse (as V/ell as from 
.the satellite citjles served by those inajor centers ) , which is destined 
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SKCT I OM III (continued) 
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s the Chlcnco/Los An- 
Chlea/io Inbound carjjo 
tit Chlcajjo between 
cheduled to depart 
parture would there- 
unnecessarlly long at 
foreclosed from using 
ture time. 


for Los Angeles on the continuing Flight 243 a 
S' llc'S leg of Flight 24 3 Is timed to receive the 
from the above cities, the bulk of which arrives 
0200 and 0240, Flight 243 would in no event br^ 

Chicago earlier than 0340. An earlier Boston do 
fore require Flight 24 3 to remain on the groCn^ 

Chicago, to the detriment of the Boston shlpner 
Flight 243 because of the roll-back In the depar 

D--- . scr l p _ tlon of Freight Catojorles fo r W hich Overnlaht Service is 

significantly above%he^shlppJ ng^costs'^wsoria^ ^ premium price 

The shipper who selects airfreiphS doL'T, surface modes, 

handling, safety, and reliabilitv rennf because of stringent time, . 

therefore for which overnight loUlci brniKht of freig 

quli'cd corrosoond precisely to -light 24 3 is, or may be, re- 

above. It Is critLai to U S ^°^^h In Section II 

died In timely and reliable ?ash?on ?r L h 

perishables that these it^'ms be handion ®-sent^al to the shipper o 
Is Important to the shipper of eSergoncy °oh'"n,-- n(- properly; and, 1 
ventional cargo that these rond<! -n.pi„cjnts as well as more con- 

manne-r. In sum vlrtualiv fn transporced in a timely and reliabl"^ 

Which ovorSlK^s:Jv^^^e^l-J ^"^^s cargo 


Ct 1-i 111 


.A 1 1 A c /'111 c ri t 1 

A\FA\AG}-: ON-nOAJlD LOAD nO.STON-CllICAGO • 
SEGMENT, EI.IGIIT FTL 2-13 
NOVEMBER 197 7 


ITEM 

Rcvcni'.e ton miles 
DoEtoii-Ghicayo nonstop mileage 
Revenue tons 
Departures 

Revenue tons per flight 
Revenue pounds per flight 
Load factor 


TRAFFIG CATEGORY 


REGUL A R FREIGHT TOTAL 

774, 133 ‘ 831,972 

864 864 

896.0 962.9 

24 24 

37. 3 40. 1 

74, 666 80. 244 

74.3% 79.9% 


Source: Company Records 
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Attachment 2 

nisTOUY or rriv domestic fueigiit tuakfic originated at 

EOC.AN AIRPORT 
1976 


Boston Domestic Market To; 


San 


ITEM 

Chicago 

Los Angeles 

Francisco 

Seattle . 

Tc 

Calendar Year 1976 






Niijiihcr of 
shipments 

13,799 

11,972 

9,281 

5, 126 

45,! 

Pounds (000) 

7, 096. 0 

12, 268.5 

7,983.9 

2,897.5 

32, ! 

Revenue ($000) 

1,426. 3 

3,984.0 

2,306. 5 

1, 000.8 

9. 7' 

Daily averase 
pounds 

28. 384. 0 

49,074. 0 

31. 935.6 

1 1, 590.0 

130, 

Revenue per 
pound ($) 

0. 201 

0. 325 

0.352 

0. 345 

0. 3C 

Yield (revenue 
per ton mile) 

0. 4637 

0. 2487 

0. 2'Sn'o 

0. 27 68 

0. 21 


{$) 


"Source; Company Records 
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lllSrORY Ot' FTL INTKRNATIONAI. KUKIGll l’ TUAFFtC OllIOlNATFD AT 

l^OGAN AIRPORT 
1976 

Boston InlcrnnLion.il Market To: 


IT KM 

C.ilcmiar Year 1976 

Hong Kong 

Seoul 

T.iipci 

.Tokyo 

Total 

Nuintjcr of 
sihipnvcjits 

1,604 

520 

1,389 

1,931 

5,785 

Pounds (000) 

391.9 

92.4 

232.8 

2, 300.8 

3, 121. 7 

-Revenue ($000) 

477. 0 

119.8 

330. 1 

2, 029. 1 

3,088, 3 

Daily average 
pounds 

1, 822.8 

429.8 

1, 032. 8 

10,701. 4 

14, 519. 5 

Revenue per 
pound ($) 

1. 217 

1.296 

1.418 

0. 882 

0.989 

Yield (revenue 
per ton mile) 

0. 3056 

Oi 3802 

0. 3673 

0. 2622 

0. 2823 


($) 


Source: Company Records 
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Attnchnicnt 4 

SUMMARY Ot' I'TL FRKICHT TRAFFIC OUIGINATFD AT 
LOGAN AIRPORT 
1976 


IT KM DOMESTIC AND INTKRNATIONAL TOTAL 

CalciKlar Year 1976 


Number of shipments 51, 334 

Pounds (000) 35, 715.5 

Revenue ($000) 12, 88,5. 5 

Daily average pounds 144, 894. 7 

Revenue per pound ($) 0. 361 

Yield (revenue per ton mile) ($) 0. 2812 


Source: Company Records 
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Examples of. New England Communitics/Shippe rs Affected: 

Origin 

. Destination 


Milford, CT 
Soutliboro, MA 
i'r.'imingliam, MA 
Taunton, MA 
Imlian Orcliard, MA 
Providence, RI 
New Bedford, MA 
Pawtucket, RI 
Webster, MA 
Worcester, MA 
Leominster, MA 
Woonsocket, RI 
New Bedford, MA 
New Bedford, MA 
Westerly, RI 
Fairhaven, MA 
Clinton, MA-i 
Cranton, RI * 
Leominster, jMA 
Worcester, MA 
Vfoon socket, RI 
Sandwich, MA', 
Gardner, MA ( 
Attleboro, MAt 
Fraj-ningham, K«fA 
Canton, MA 
Pl>nnouth, MA j 
Wilmington, MA 
Wilmington, MA. 
Gloucester, MA’ 
Wilmington, MA 
Maynard, MA j 
Lawrence, MA 
N. Billerica, MA ; 

N. Billerica, MA f 
Newport, VT 
Lawrence, MA | 
Calais, ME 
N. Andover, MA. \ 
Tenants Harbor, ME 
Lawrence, MA 
Hudson, NH 
Dover, NH 
F armington, NH 


Bic Pen 
Data General 
Data General Int'l 
Swank 

Wcslovcr Mills 
Moran Co. 

Acuslinet 

American Insulated Wire 

Angelo Fabrics 

Astro Pharmaceuticals 

Banner Mold Die 

Burgro 

Cliflex 

Cornell Dubilicr 
Darlington Fabrics 
Golden Eye Seafood 
ITT Wire f( Cable 
Jewelers Shippers Assn. 
Mohawk Wire & Cable 
Norton Co. 

Ocean State Finishing 
Seafood Distributors 
Simplex Tinae Recorder 
Texas Instrvimcnts 
Dennison, Mfg. 

Plymouth Rubber 
Superior Pet Products 
Analog Devices 
Avco Corp. Systems Div, 
Boat Shop 

Charles River Breed Labs. 
Digital Equipment 
Horne it Sons 
Non Ph 

armaceuticals 
New England Nuclear Corp. 
Newport Plastics 
Western Electric 
Fenderson, Inc. 

Alco Electronic 
Atwood Bros. 

Bolta Products 
Centronics Data Computer 
Davidson Rubber Co. 
Davidson Rubber Co, 


ORD, 

HKG, 

HKG, 

PDX, 

LAX 

HKG, 

DTW 

SFO 

LAX 

LAX 

LAX 

H. AX 
ORD 
SFO, 
LAX 
LAX. 
LAX. 
LAX. 
LAX, 
LAX 
LAX 
LAX 
SFO, 
SFO, 

I. AX, 
LAX, 
LAX 
HKG, 
LAX 
ORD 
ORD 
LAX. 
LAX 
LAX 
TPE 
ORD, 

"lax, 

TYO 

TYO 

LAX 

LAX 

LAX, 

SFO 

SFO 


LAX 

LAX, SEA, 
LAX, SEA, 
SEA 

SFO, TYO. 


SKA 

SFO 

CRD 

ORD, SFO 
ORD 


SEA 

ORD, LAX 
ORD, SFO 
ORD 

MNL, TPE 


ORD, PDX, 


SEA 

ORD 


SEA 


SFO 

SFO 

ETC, 


SEA, S 
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Cornrn vinity 

Rock I’orf, ME 
W. Swanzcy,^ NH 
J>5ncoIn, ME 
Sjn'uco Head, ME 
Manchester, Nli 
Nashua, NH 
Sc ah rook NH 
K. ifarlford, CT 
Cliicopce, ME 
WaUinsford, CT 
Mil/ord, CT 


Source: Company Records 
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Shipper 


Destination 


G^nffam Rros. 
Hpmcstcad Mill 
LiincoLi Pulp St Paper 
Maine Coast Seafoods 
Raytheon Co. 

Sanders Associates 
U. S. M. Corp, 

Pratt St''iVhitncy 
General Instruments 
Ulbrich Corp. 

Welling International 


ORD, LAX, SPO 
LAX, SKA, SKO 
PDX 

LAX, ORD, SFO 
LAX, SKA, SFO 
LAX, SEA, SFO 
ORD, SFO 
LAX, SEA 
TPE 

LAX, ORD, SEA, 
ORD 


SFO 
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General 


TWA currently operates a fleet of ten Boeing 707-300C aircraft in scheduled 
all-cargo service. Nine aircraft ace used primarily to provide "prime time" 
overnight freighter service within the United States, while the tenth is 
used principally for transatlantic operations between the U.S. and Europe. 

Each aircraft has a nominal (weight) payload of approximately 75,000 pounds; 
none currently comply with the provisions of FAR Part 36. 

Since TWA has been and intends to continue to be a major all-cargo operator, 
the company is currently evaluating replacements for its 707 cargo aircraft, 
in order to eliminate aircraft which do not comply with Part 36 by 1985. 
Although any aircraft selected to replace Che 707 fleet will comply with 
Parc 36, the type is not yet known; and, in any case, the likelihood of 
obtaining replacement equipment within the next several years is low due to 
the economic conditions being experienced by TWA. Thus, it should be apparent 
that there are no all-cargo aircraft, either currently or immediately contem- 
plated, which could be used to provide the service in question. 

Economics 

TWA has operated Flight 601 on its Boscon/Chicago/Los Angeles routing con- 
tinuously since April 1, 1977, departing at approximately 12:45 AM. From 
August 1, 1976 to liarch 31, 1977, service was provided via Kennedy to 
Los Angeles, departing at 12:20 AM. Prior to that, TWA operated ocher flights 
from Boston to west coast destinations via either Philadelphia or Kennedy. 

The schedules operated prior to April 1. 1977 were unsatisfactory and produced 
unprofitable results for two reasons: early, noncompetitive departure times, 

and subordination of Boston traffic to other cities such as Philadelphia and 
New York. Moving to the later departure time, which is directly competitive 


- 2 - 


with Che ocher two freighter operations which depart between 12:30 and 1:00 AM, 
coupled with non-stop service to Chicago has enabled TWA to vastly improve 
the performance of their flight (Exhibit I) to the point where profitability 
will be achieved in the near future, based on current trends. In recent 
months the flight has operated at about 55% of its weight carrying capacity, 
with approximately 65% of the available space being occupied on each crip. 

Cargo carried on this flight consists of U.S. mail, representing approximately 
8 - 10% of this total load, the remainder being freight of various commodities. 
Approximately 5% of the freight traffic is physically perishable (e.g. seafoo^d) 
While Che rest is of an emergency nature or economically perishable; i.e. 
items which tend to diminish in value if they cannot be sold quickly, due to 
factors such as a loss in timeliness in the case of a periodical, or changes 
in buying habits with regard Co fashion items and wearing apparel. 

Some idea of the emergency/economically perishable nature of these goods can 

✓ 

be gained by considering the fact that traffic on this flight is charged 
essentially a premium race, much higher Chan that for surface carriage, when, 
in fact, lower air rates are available at other times of day. TWA is well 
aware of this differential, inasmuch as, during 1977, we heavily promoted 
daytime air carriage at essentially surface rates to precisely the same cities 
as those served by Flight 601. The results of this effort indicate chat not 
only was traffic not diverted from Flight 601 to cake advantage of the lower 
rates, but the opposite occurred — traffic on Flight 601 increased during 
the period of this promotion. This tends to indicate that service — including 
the late night timing of the departure — is of the utmost Importance to this 
type of traffic, and is even mote important than price. 

The importance of this flight to the New England economy can be seen from the 
wide variety of cities from which freight originates (Exhibit 2). In brief. 
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this listing encompasses Che area £rom Hartford, Connecticut to Portland, Maine, 
Including numerous points in Massachusetts, Rhode Island, New Hampshire and 
Connecticut. 

Traffic from these numerous points is afforded overnight next morning service 
to the key cities of Chicago, Milwaukee, Los Angeles and San Francisco, as well 
as expedited service to many ocher points. Similar service is also available 
to these points from areas contiguous to the Boston region including Harcford- 
Springfield and New York City; service of lesser desirability is also available 
on daytime passenger flights, as previously mentioned. Exhibit III, attached, 
lists some of the major shippers now using this service. 

Were the .service provided by Flight 601 not provided, it is quite likely that 
traffic desiring overnight service would avail itself of the similar services 
available at other nearby cities, as much as would be operationally feasible. 

It seems doubtful that the traffic now handled on Flight 601 could be accommo- 
dated on any single flight, inasmuch as Flight 601 currently operates with 
about 65% space utilization, and available public data indicate that neither 
of the two other flights with which Flight 601 competes has sufficient 
capacity to accoomodate this traffic. Thus, it seems likely that not all 
traffic currently utilizing this type of prime service from Boston to western 
points would be able to continue to do so in the absence of Flight 601. Those 
shipments which could no longer move in this manner represent a serious threat 
to the economy of the New England area, since they would be more vulnerable 
to competition from other areas which had overnight service. 

Aside from the disadvantage of being known elsewhere as an area that 'you 
can’t get it here from there" the New England economy would suffet more 
directly as a result of the loss of all jobs directly associated with this 
flight, since TWA would be forced to move the service elsewhere. In addition, 
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It ii probable that there would be a secondary job loss among the truckers/ 
forwarders, etc. associated with this flight. 

Rescheduling 

It might reasonably be asked why Flight 601 could not be scheduled outside the 
restricted hours. There are several basic problems inherent in this approach, 
including market factors, handling limitations and technical scheduling 
difficulties. 

Market factors have to do with the inability of shippers to consolidate their 
dally production prior to the late evening hours, particularly if they are 
in areas distant from Logan Airport. As previously indicated, if overnight 
service is not available to their products they may be forced to revert to 
slower surface carriage, which carries with it all the potential for loss of 
competitiveness in distant markets or, in the case of many perishable products, 
results in the elimination of those markets immediately. 

Handling limitations refers not only to the fact that traffic is generally 
not available from shippers until late in the evening, but also that approxi- 
mately 80Z of the traffic on this flight is from forwarders/consolidators. 

We have been informed by a forwarder chat 5051 of the traffic destined for 
this flight arrives at its dock between 9:00 and 10:30 PM. Even with the 
present schedule, the forwarder finds it difficult to meet the existing 
acceptance times — 90 minutes for most freight, 45 minutes for full container 
traffic — required by TWA to safely load and dispatch the flight on time. 

This situation results from the forwarder's customers requesting late after- 
noon pick-ups so as to maximize deliveries of the day's production; this 
causes the forwarder to have little time to consolidate the traffic fur tender 
to TWA even under the current schedule. Ocher forwarders operate under similar 
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clrcuastances, for similar reasons; the problems described are compounded when 
the shipper's plant is some distance from the airport and/or consolidation 
facility. 

In addition to the above, technical scheduling requirements make the rescheduling 
of this flight to an earlier time period difficult, if not impossible. In the 
first place, the flight could not be re'scheduled on its Chicago/Los Angeles 

as 

segment since this would cause traffic on that sector to decline,.^ well as 
disrupting important connections. Thus, the total Boston/Los Angeles transit 
time would be significantly increased, together with flight crew costs; it is 
possible that this change would also disrupt flight crew schedule patterns to 
the point where additional crews would be required, eroding Che economics of 
Flight 601 and making profitability even more difficult to achieve. In 
addition, operation of this flight during an earlier time period would result 
in greater bo-mingling with passenger operations, both on the ground and in 
the air. On the ground this would tend to increase airport congestion and 
manpower costs; in the air, increased flying times and, consequently, greater 
fuel consumption could result. 

Summary 

The granting of an exemption for Flight 601 would: 

. Continue to aid the New England economy. 

. Retain jobs in the Boston area 

. Allow TWA, a major Boston employer, to continue to strengthen the 
economics of its New England operations. 

Tne proposed relief is of a limited and fixed nature — one flight five days 
per week which provides unique services not provided by flights operating 
outside the restricted hours. We believe chat it is in the best interests of 
the entire community to grant the exemption as requested. 
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EXHIBIT I 


• TRAFFIC INCREASE RESULTING FROM 
FLIGHT 601 SCHEDULE CHANGE APRIL 1. 


Period 

January - March 1977 
(Prior to Change) 


October - December 1977 
(After Change) 


Net Increase/ (Decrease) 
Percent Increase/ (Decrease) 


1977 

Pounds Boarded 
1,424,529 

2,042,345 

617,816 

43.42 



EXHIBIT II 


0F_ F ww* ^ 



Shipment Origins ; Massachusetts 


Haverhill, Lawrence, Lowell, Worcester, Gardner, Fitchburg, 
Springfield, Holyoke, Boston, tauncon, Brockton, Newton, 
Marlborough, Northboro, Salem, Swampscott, Wakefield, Woburn, 
Billerica, Wilmington, New Bedford, Quincy, Cambridge, Milford, 
Acton, Andover, Stoneham, Melrose, Sudbury, Waltham, Framingham, 
Needham, Lynn, Fall River, Foxborp, Attleboro. 


Shipment Origins : New Hampshire 

Salem, Hudson, Nashua, Manchester, 


Shipment Origins : Rhode Island 

Providence. 

Shipment Origins : Connecticut 

Hartford. 

Shipment Origins ! Maine 

Portland. 
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EXHIBIT III 


Primary Airport Destinations Served by Flight 
(Chicago, Los Angeles, San Francisco, Milwaukee) 


Major Shippers! Golden Eye, Graffam Brothers, Maine Coast, 

Fresh Water, Shuloan Air Freight, Profit By Air, EuroAmerican 
Air Freight, Amerford Air Cargo, Emery Air Freight, ABC Air 
Freight, Bay State, Bor Air, Novo Air Freight, Pilot Air 
Freight, K.T.C., Hines & Smart, Burlington Northern Air Freight, 
Mayflower Seafood, C. F. Airfreight, AEI/Wings S Wheels, 
Associated Airfreight, Air Freight Forwarding, Circle Airfreight. 
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Mr. John Grinies 
TWA 

605 Third Avenue 
44th Floor 

New York, New York 10016 


Re: Mas sport 


Dear John: 

Pursuant to our conversation this afternoon, I 
am enclosing a copy of the petition for exemption filed 
by American Airlines. I understand that you have copies or 
Plying Tiger's petition as well as, of course, your own. 

Sincerely, 


C(<: 


lot 

George J. 


S' 


Griunbach, Jr. 


Enclosure 

RECEIVED . 
JAN 3 0 1978 
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MASSACHUSETTS PORT AUTHDRITY. 

Re: Noise Abatement Docket No. 1977-4 

Petition of American Airlines, Inc. 

PLEASE TAKE NOTICE that: on September 26, 1976 
the Authority received the attached correspondence from 
American Airlines withdrawing its pending petition for 
exemption of its flight 855 for 1977 and substituting 
a new petition for 1978. See Exhibit 1. 

Accordingly, the petition of American Airlines, Inc. 
(Noise Abatement Docket No. 1977-4) is dismissed and a 
new docket his been instituted of which the customary 
notice ks at^ched. See Exhibit 2. 

By: 


MASS^IUSETTS PORT AyTHORITY 
’Executive Director ' 
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September 22, 1977 


Mr.’ David M. Davia 
Executive Director 
Massachusetts Port Authority 
99 High Street 

.Boston, Massachusetts 02110 
Dear Mr. Davis: 

Attaclled is a "Petition for Exemption" for American 
Airlines al^-cargo Flight 855. 

^ightl855 is scheduled to depart at 0055, which is 
outsidte the testricted hours of 0100 through 0600. How- 
ever, as the\ time required to push-out the aircraft and 
taxi to the iunway normally requires in excess of five 
minuteai. actifel takeoff cannot be achieved until after 
0100 . ' * 




In .orderlto avoid these post 0100 hours takeoffs we 
flight 355 for the second time bach to 
, change will become effective on ITovember 

*^onsfequently, we will have to reschedule flight 
845 frorafits present departure time of 11:45PM back to 
11 : 35PM. ,,, This lis made necessary in order to maintain the 
time sep^atioti between these two flights. (This is ex- 
plained flirtheriin Attachment C to the PETITION FOR EX- 
EMPTION). Thislchange precludes the necessity for American 
Airlines ^dc. ti file a PETITION FOR EXEMPTION to the 
0100 hour4. dead:^ine imposed in your NOISE ABATEMENT RULES. 
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However, we are taking this opportunity to file a PETITION 
FOR EXEMPTION to tlic midnight deadline imposed in your 
NOISE ABATEMENT RULES onfoctive January 1, 1978. 

This letter and the attached document are submitted sub- 
ject to the reservation of rights contained in'~a letter 
dated February 16, 1977 to you from American Airlines 
Legal Department. 

Very truly yours, 

R. H. Phillips 
General Manager 
Boston 


RHP/tas 

cc: Douglas B. MacDonald, Chief Legal Counsel, Massport, 

99 High Street, Boston, Mass. 02110 


M^SS. PORT AOraORITY 

RECEiVEE> 

SEP2 61977 


EXECUTIVE DIRECTOR 




ORIGSKA?- PASS 13 
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I * 1 '. I f I H )!‘i hiui K_x ! ; r,i I 

- All-c:ar 20 :;V!Tin\iTl ni;;)its - 


TOr Mas cachuoGtts Port Ai:t!uiril.v 
■99 High Street 
Boston, Masaachusetts OZllO 


■Ampriran Alrlinog Tnn . 


• » hereby petitions 

(Corporate NaLTne of Aircraft Operator) 
the Massachusetts Port Authority for e::orr:ption of the following all- 
cargo aircraft flight from the Late Night Aircraft Rcstriclio- in Part E, 
Article III of the Authority's Airports Rules and Regulations for Logan ' 
International Airport. This flight, ..as identified below, was in scheduled 
servdee as of December . 16 , 1976. •' " • ' 


Flight 
Humber . 

855 \ 


. Scheduled 
Arrival Time 

D908 • 


Scheduled 
Departure Time 

0045 

(eff. 11/1/77) 


Vfeekly 

Frecuenev 


.ALrc: 

and 


:a:t type 
Ser’es 


5 707 Freighto 

(Ex Sun & Mon) 


To justifi the need for this exemption and to pro'-vicle the basis 
an ln*orrhed Judgment on its rnents, petitioner provides the followin 
supporting dpeuraentation: 

J current all-cargo rL-crafl fleet cc-npo 

• by numlfers of aircraft of each type and series and whether 
"T certificated in accordance with FAR Part 36. 


lor 

IT 


't-\ on 
or 


747 - #6|2, S73. 675 * 


707 - ^^4l7, 556, 563, 564, 565, 566, 567, 568, 569 




o I 
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state the changes In all-cargo fleet ccBoosition 
forecar.t by the r-pn-r.Tf, or f-o o'Jrrr-nt nr 

projections, and forecast retrofit and/or retire- 
ment schedule of aircraft currently in the fleet. 

Our third 747 freighter was placed in service on 
March 21, 1977.' 

Beginning in September, 1977 , all 747’ s in the M 
fleet will be retrofitted to meat FA3 36 . Con-' 
pletion of this program will tale four months. 

At this time, we have no new freighter aircraft 
on order. 


State the name and position of the person preparing 
this petition and of persons who have knowledge of 
the facts set forth herein. 


R. H. Phillips, General Manager - Boston 




5t.’tc the efforts taken to provide the st 
5n a.ccordance with FAR Part 36. 


rvice b/ an aircraft certific 



As VO have no FAR 36 aircraft 
cannot provide this all-cargo 


in our Freighter fleet, we 
service with FAR 36_ aircraft. 
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t’li. 

fre; 


05 '•j 


i'''y 


r Vu ■ ' •- ■i-ios 5xi.K.-iV,’.!.y .n.UUU oli- 

iglit nightly, TuescJay through Saturday. Much of this freight 
Of a siro that cannot be acco-.-nnodated on passenger aircraft. 


;; 5x.ir.-..-.t-,’.ly .'.h,000 r:ou”-.du 


passenger aircraft. 


Air 

bro 

1. 


2. 


3 . 


4 . 

■ 


freight shipments on this flight generally fall into four, 
ad categories requiring next day delivery. 

E mergency Shipments - replacement orders from the midwest 
southwest and west coast requiring ne.xt day delivery. ' * 

|£ 0 |uc^ whose dis^huUon is largely by air on a day- 
to-day basis because their unit costs preclude large in- 
ventories. •• . .. ’J ^ 

i>^to Logan Air Mail Facili ty'from 
all over New England; traffic arrives during the evening 
delivered to ?gstal installations at destination 
cities the next morning. 

. ^r^shable- Products ( seafood, human blood, ' live animals 
biological specimens; newspapers, advertising material, ’ 

These'|cargo^ categories listed above coma from all over New 
Englarid; th|4y arrive at Logan Airport between 2100 and 2300 ~ 
hours tand trtese shippers expect next day delivery at dest- 
ination. Thtesa four categories constitute 85-90;4 of the 
total traffifc boarded on Freighter Flight 855. If this flight 
H earlier (2345 hours), 25 % of the 

U.S Makl a.vl 35r= of the freight, would not roach t^>e airoort 
in time) to make this earlier departure. Tho shippers so* aff- 
ected would bfc forced to truck to JFK. A-t best, they would 
incur increased shipping costs, but most would suffer lost 
business to cAmpetitors in other areas of the country capable 
, ®®^^4er demvery. This sequence of events inevitably 

leads tojlayoffcs. . ^ 

Examples of th'l New England communities/Shippers adversely 
affected would Ipe: ' ■ ^ 


New Bedfordl Hass. 
NewBddfordi Mass. 
Attleboro, Mass. 
Attlebtro, >^ss. 
Foxbor<y, MasF 
Brockton, Mass. 
Brockton, Mass. 
Worcester, Hpss. 
Worcester, .Mess. 
So.uthbgro, Mnss. 
Framingham, Mass. 
Lowell y Hass'. 
Gardner, Masls. 


Continental Screw Co. 

Acushnet Co. 

Swank Inci»- 
Texas Instrument 
Foxboro, Mass. 

Garland Knitting Co. 

.Brockton Footwear Co. 

Norton Co. 

Melville Shoe Co, 

Data General Corp. 

General Motors Corp. 

General .Electric - Wire Division 
Simplex Time Recorder ' 
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Havnard, Mass. 
Dover, N. H. 
Uashua, N. H. 
Nashua, N. H. 
Manchester, N. H. 
Rockland, Maine 


Digital Equipment Coro, 
'Davidson Rubber Co. 

Sanders Associates 
Nashua Corp. 

Raytheon - Marine Products Div. 
Graffatn Bros, (seafood) 


Traffic from these shippers would be destined to Cleveland, 
Detroit, Chicago (mid-west connecting, points) , Dallas, Los 
Angeles and San Francisco, These cities are involved because 
this step backward in time affects not only freighter flight 
3‘55 but also backs up the departure of freighter flight 845 
from 11:35PM to 10:3SP.H.. 


This small sample list of New England cities and shippers 
provides auiple indication that the requested exemption is 
essential to the economy of these outlying areas of the 
Mew England region. 


IS 

OF POOI5 QUALITY 


-.-r-j--^^v'r';co"i.aiuiuc re";isona.b*, be scheduled out- 
side of restricted hours. ’ • . 


As .•jl;3Ud in uy '.•/.•inci this f.Ucjht be scheduled - 

at 0045. (effective November 1, 1977) which is outside the 
current restricted hours. La'st year, it was scheduled to 
depart at 0120.* It was moved forward to its present decarture 
time at the request of Massport prior to the publication of 
the present noise rules and regulations. This was done in 
an effort by AA to cooperate with reasonable Massoort requests 
and to reduce late night noise. The November 1, 1977 resched- 
uling is another instance of our efforts to make reasonable 
adjustments in a cooperative spirit. 

Flight 85S is one of two AA Airfreighter flights from Logan 
Airport nightly, Monday through Friday. The earlier flight 
departs at 1145. The departure time of this earlier flight 
was moved from midnight to accommodate the earlier departure 
of Flight 855. Approximately 1 hour and 15 minutes is required 
between freighter flights to allow adequate loading time. This 
was reduced to 1 hour and 10 minutes in order to schedule the 
0055 departure. An all freight aircraft requires extensive ' 
and very costly mechanized ground apparatus to load and un- 
load. AA maintains one set of this ground equipment and, 
consequently, can load and unload one aircraft at a time.. 

Vfe have explained in detail in attachment B the adverse Lmpact 
which would occur in various outlying New England cities to 
specific Shippers in. those communities if flight 855 (and • 
consequently 845) were forced back to departure times one hour 
earlier than at present. 

For further substantiation of the' detailed explanation in att- 
achment B, I refer you to a publication entitled "The Effects 
of Limiting Night Flights at Logan Airport" published by 
Massport in August, 1976. 
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niiy other facts or information which will assist the Executive 
IDirector in determining whether the continued operation of this service 
with non-part 36 certificated aircr.aft outweighs the environmental costs 
*■ rcTvitto. 

As previously stated, American Airlines does not possess, at 
this tine, any all-cargo airdraft certificated under Part 36. • 
Consequently, it would be impossible for us to provide this 
service with other than the aircraft now in operation. 

The movement of shipments by air is vital to the health of 
the New England economy. All cargo flights are a significant 
factor. in the total airfreight picture. . • 

American Airlines currently moves about 120,000 lbs- of freight 
daily on all of its flights from Logan Airport. Of this total, 
6S:i consistently moves on our two freighter flights 855 and 845. 
The' remaining 35^ moves on our combination flights tliroughout 
each day. This pattern has evolved as a result of shipper 
requirements. The" pattern is of long standing. It predates 
the beginning of the jet era in commercial air transportation, 
which began in December 1958. . . 

For a detailed, comprehensive analysis of the economic impact 
of the cessation of all-cargo operations or their re-scheduling 
to earlier time periods,- I again respectfully refer to the 
followirtg: i ' 

1. The publication entitled "Effects of Limiting Night Flights 
at Logan Airport" issued in August 1976. 

2. The Xtail]^ explanation of the adverse impact on tdve New 
England ec^omy which would result from re-scheduling 
American Airlines Freighter flight 855 and 845 one hour 
earlier effective January 1, 1978 as specified in the 
Logan Airpoi^t Noise Rules and Regulations, Article III. 


Flight 

Number 

855 


iT 
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“.ko"f“' Noise AOatefiient Docket No. 1977- 7 
Petition of American Airlines 

PLKASE T.AKJi NOi-iC^ YNAT on Septomber 26, 1377, 

the Executive Director received from American Airlines 
a Petition for Exemption from the Authority's Airports 
Rulesand Regulations Article III (Late Night Aircraft 
Restriction), pursuant to Paragraoh 3 . 4 . the'-eof 
(exemption for certain all-cargo services) . The 
Petition requests exemption commencing January 1 1973 

ferr the following service. ^ ’ 


Scheduled 
Arriva l Time 

0908 


Scheduled 
Departure Time 


0045 

(eff. 11/1/77) 


Weekly 

Frequency 


Aircraft Type 
and Service 


707 Freightei 


Interested persons may inspect the Petition at 
Executive Offices of the Authority, 99 High 
Street*, Boston, MA, 02110. The Petitioner /has not 
requested a hearing. Any person may file prior to- 
Jovembir 1, 1977' ■ a written request for a public 
htearinq to be held on the Petition. 

Written comments pertaining tw the Petition may 
be submitted to the Authority prior to December 1, 

1977, except that if a hearing is 
-kJri i- 1 submission of written comments 

Shall belexhended and shall close seven days after the 
hearing. I if a hearing is requested, it will be 

on or prior to December 1, 1977 notice to be 

invh., 1 fourteen days in advance by the 
Authoritylto the jPetitioner and to all others in the 
same raannir as the provision of this Notice. 

\ I 

I 1 HASSACHOSETTS PORT ADTRORITY 

' // / ■ 

./ - ■ 


r 0' r 


ExecutivS' Director 


Posting Datj 
Removal Date; 


October 4 . 19 77 
n^^>-.^o r■ 17 1 0 77 
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MASSACHUSETTS 


PORT AUTHORITY 


CERTIFICATE OF SERVICE 


I hereby certify that I have this day forwarded 
copies of the within Petition of American Airlines by 
mailing the same, postage prepaid to: Peter. Koff, Esq. 

City Hall Law Dept. , Boston Mass; Rev. Thomas F. ’corrigan 
Most Holy Redeemer Rectory, 65 London St., E. Boston, 

Mass; Emily Lloyd, CityHall Mayor’s Office, Boston, Mass; 
Robert L. Weiss, Esq,, Boston University Legal Aid 
Program, 474 Blue Hill Avenue. Roxbury, Mass; John 
Vitagliano, Housing Inspection Dept., City Hall, 

Boston. Mass; and Mass. Motor Truck Assoc., Inc., 

Beacon Street, Boston, Mass. Mr. Lyman Tondel, Jr., 
Cleary. Gottlieb, Steem & Hamilton, One State Street 
Plaza. New York, New York 10004. American Airlines. Inc. 
Logan International Airport. Ea^ Boston. Mass. 02128. 

"I'onna Limber t — ^ ' 


October 4, 1977 


APPENDIX ID 


1990 Transportation Scenario & Advanced 
intermodai Air Cargo System Concept 


AID 




PREFACE 


The National Aeronautics and Space Administiation (NASA) is 
responsib'e for much of the aeronautical research supporting 
the development of advanced aircraft systems in the U.S. 
Recent NASA investigations indicate that major advancements 
in cargo aircraft technology are possible within the next fifteen 
to twenty years. 

An advanced air cargo system could be developed by the 1 990's 
to provide large-volume freiqht service completely compatible 
with surface transportation modes. Greatly improved operating 
efficiency would reduce the cost of air freight well below to- 
day's levels, offering the potential of air shipment for a much 
wider range of goods and markets. 

NASA is now seeking industry assistance in defining future user 
needs for an advanced air cargo system Under the Cargo/ 
Logistics Airlift Systems Study (CLASS), information is being 
sought from shippers and freight carriers on current and future 
transportation requirements. The results of the CL>.oS contract 
will be of major importance to NASA in planning aircraft tech- 
nology programs for the future. 

The Lockheed-Georgia Company is under contract to NASA to 
conduct the CLASS program. As a part of this contract 
Lockheed has developed this series of case studies to be made of 
the transportation and distribution operations of a select group 
of companies who agree to participate. Trans World Airlines, 
the Equipment Interchange Association, and D.L. Paden & 
Associates are assisting Lockheed. 
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1990 AIR CARGO TRANSPORTATION SCENARIO 

To provide a common base for projecting and evaluating future 
transportation needs, this scenario describes a set of general 
conditions that are assumed to exist in the 1990 time frame, 
including an advanced air cargo system concept, a projected 
world economic environment, and a characterization of the sur- 
face transportation system. 

ADVANCED AIR CARGO SYSTEM CONCEPT 

This advanced air cargo system concept has evolved from pre- 
vious NASA and industry analyses, including extensive discus- 
sions with freight transportation users and freight carriers. It is 
to be assumed as the basis for the user and carrier case studies. 


The system will be available in the time period of the 
1990's. 


The system will utilize an advanced-technology air 
freighter optimized for cargo carriage. 
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• The advanced freighter aircraft will serve major domestic 
and international trade routes, primarily on route dis- 
tances of 800 miles or greater. The aircraft will operate 
from regional cargo airport centers, which may be separ- 
ated from congested passenger airports. In some cases, 
civil freight carriers may utilize militarv airfields as part 
of the civil cargo terminal network under joint tenancy 
arrangements. 

• The system will provide mass air movements on routine 
schedules consistent with the needs of large-volume ship- 
pers. Sufficient airlift is assumed to be available to meet 
the market demand. 

• The system will be coordinated surface-to-air -lo-surface 
operation. The motor carrier industry will perform con- 
necting services between the air mode and shippers as 
well as connecting services with rail and water modes. 
The airplane will have full intermodal compatibility with 
the surface transportation segments. 
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• A family of all-mode cargo load devices (containers and/ 
or trailers) will have been developed which are suitable 
for both air and surface use. Those load devices will be 
interchangeable among all modes and not captive to any 
single mode, and they will be fully covered by equipment 
interchange agreements on all domestic and international 
routes. 

• Surface carriers have the option of offering the air service 
to their customers as a segment in a door-to-door through 
movement both domestically and internationally. The air 
mode wnnld be available as a substitute service similar to 
rail piggyback arrangements. 
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Air Cargo Loading Concept 
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.■j?^‘''^:^irport Ground Interface 


The system will allow shipments to be packed in truck- 
load or container-load lots by shippers, forwarders, and 
surface carriers without necessity for additional consoli- 
dation or break-bulk processing at the airport. Unitized 
loads will be trucked to and form the airport centers, 
possibly for distances up to several hundred miles. 

Tariffs for intermodal service, including the air segment, 
will be established on a door-to-door basis covering the 
total freight movement. A single bill of lading and master 
waybill will be utilized for the entire movement. 

No significant regulatory constraints will act to retard 
system development or use. Further, future regulatory 
reforms may permit formation of multimodal transporta- 
tion consortiums if necessary to achieve full efficiency of 
an integrated intermodal system. 


From a customer service (X>int of view, the future air cargo 
system should be considered as an additional option available to 
users within the total transportation environment. The system 
would have physical and dimensional capability to accept any 
shipments suitable for normal highway or containership ocean 
movement. Shippers and transportation companies would be 
able to use air shipment for any line-haul portion of a freight 
movement without restriction. Minimum handling of cargo 
would reduce the risk of pilferage and loss as well as direct 
handling costs. The system would allow faster reaction to cus- 
tomer orders. Many users could lower their total cost for distri- 
bution through savii.gs in line-haul, freight handling, warehous- 
ing, insurance, and inventory costs. There may be a significant 
change in packaging concepts and materials which will further 
reduce costs. 
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Pick-Up and Delivery and Consolidation - Break Bulk 

ADVANCED AIR CARGO SYSTEM ECONOMICS 

NASA has provided the following econoroic guidelines for oper- 
ation of the advanced cargo aircraft: 

"Advanced design concepts would permit savings of 30 
percent .In direct operating costs (DOC) over current 
wide-body freighters. Savings of 40 percent in indirect 
operating costs (IOC) are projected for a containerized, 
intermodal operation. Aircraft development and opera- 
tional costs shall be assumed to be shared by the USAF 
through the CRAP (Civil Reserve Air Fleet) program, 
resulting in additional savings of 6 - 8 percent in DOC." 

The cumulative effect of these cost savings, each of which is 
related to the air line-haul portion of total distribution costs, 
has the potential for significant reductions in current air freight 
rates. 

Other system costs include those for pick-up and delivery 
(PU&D) and, for less than truckload (LTL) shipments, there are 
additional costs for consolidation and break bulk functions. For 
this scenario, it is assumed that existing motor carrier cost 
factors will be applicable for these ru.rctions. 











rlOO Representative system cost breakdowns for motor carrier, con- 
ventional air cargo, and current-technology intermodal air cargo 
systems illustrate the fact that air movements of freight on long 
haul domestic and international routes that combine intermodal 
surface/air operations indicate an appreciable cost savings over 
-75 current air freight operations. These data for an intermodal air 
freight system were developed assuming the use of current tech- 
nology and were tentatively verified during a recent govern- 
ment/industry intermodal air cargo flight demonstration - Pro- 
ject INTACT. 

-50 

With a verification of significant user need for domestic and 
international intermodal air freight systems, it is well within the 
realm of possibility that advanced technology developments by 
NASA could further reduce costs of an integrated surface-to-air 
-25 transportation system. Potential additional cost savings in a 
user's physical distribution system must be analyzed by the 
individual company - a subject that is addressed as part of the 
case study. 


Highway Conventional 1970-Technology 

Air Cargo System Intermodal 

Air Cargo System 

Distribution of System Cost by Function 2500 Mile Trip 


This scenario assumes that there will be no abnormally large 
increases in the cost of petroleum fuels (such as the increase in 
crude oil price in 1973) in the period between now and 1990. 
For all modes it appears that emphasis on fuel conservation and 
application of fuel-efficient technology will approximately 
balance the real increases in cost of fuel. Thus, up to the 1990 
period considered in the study, it is assumed that energy avail- 
ability and cost will not have significant impact on the modal 
split. 

Three surface transport modes are considered to have an impact 
on potential markets for an advanced air cargo system - rail, 
highway, and containership. Following the short-term lags ex- 
perienced in 1974-75, all three are expected to resume growth 
trends, but generally at slower rates than have been experienced 
in the past Other surface transport modes - inland waterways 
and pipelines - are not considered to compete for air-eligible 
commodities. 

Rail systems along major trunk routes will be revitalized. The 
number of carriers will be reduced as major mergers create car- 
riers with transcontinental/major regional scopes of operation. 
Main trunk lines will be upgraded, with possible electrification 
of some, while redundant and secondary mileage continues to 
be eliminated. Ton-mile capacity will be greatly increased but 
will largely be absorbed by increased movements of bulk com- 
modities, particularly coal and foodstuffs, TOFC/COFC opera- 
tions will continue their growth trend. 
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1990 SURFACE FREIGHT TRANSPORTATION 

By the time that an advanced intermodal air cargo system be- 
comes operational, changes will also have occurred in surface 
■freight modes. Although some evolutionary improvements can 
be expected in service and cost factors, no revolutionary 
advances are antiticpated. 


PU&D 
Terminal 
& Other 


Line Haul 


Pick-up 
And Delivery 


Terminal 


Line Haul 


Other 

PU&D 
& Terminal 


Line Haul 
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1990 WORLD ECONOMIC SCENARIO 


Highway capacity growth will be constrained by the lack of new 
highway construction in the 1980's and increased maintenance 
requirements on the existing system. Normal growth trends in 
trucking capacity will be marginally increased by relaxation of 
truck weight and size limitations. Economics of the common 
carrier system will be eroded by increased utilization of private 
trucking as economic growth creates more shippers with suffi- 
cient volumes to warrant this type of operation. Transit times 
will increase as the total highway traffic in many urban and 
rural areas increasingly exceeds design volumes. 

Bail and highway trends in other developed countries will gen- 
erally parallel those in the U.S. In the developing nations, the 
simultaneous problems of right-of-way acquisition, facility con- 
struction, transport equipment acquisition, and the competition 
for resources by other national needs will continue to hamper 
well-developed surface transport systems. 

Containership, ro-ro, and barge-carrier systems will expand their 
penetration of international maritime commerce relative to the 
share presently carried by break-bulk cargo vessels. At the same 
time, a small portion of containership and ro-ro shipments will 
be attracted to the advanced air cargo system. 

As the demand for surface freight transportation increases dur- 
ing the next 15 years, service degradations resulting from con- 
gestion and maintenance will be more commonplace. Neverthe- 
less, the system will manage to provide both adequate volume 
capacity and suitable route flexibility. As the surface movement 
of a variety of moderately-sized shipments of finished goods 
becomes less efficient and more costly, relative to their total 
production/distribution costs, air shipment will become more 
desirable and routine. 


The following world economic factors are assumed to prevail in 
1990 for the purpose of evaluating the usage of an advanced 
intermodal air cargo system: 

• Peaceful co-existence will continue among the major 
world powers. Changes in spending levels for military pre- 
paredness will not be significant. 

• Periodic conflicts will erupt within and between smaller 
nations but they will be resolved without major escala- 

^ tion or serious threat to world peace. 

• Trade between the free world and the controlled econo- 
mies will increase more rapidly than in the 1970s but will 
not constitute major markets. 

• Major energy and raw material consumers will remain vul- 
nerable to OPEC oil embargoes and other potential 
cartels of resource exporting nations. However, the re- 
source exporters will steer a moderate course which does 
not precipitate further economic crises. 

• World population will be over 5 billion, a 35% increase 
from 1975. About 90% of the increase will occur in Asia, 
Africa/Mideast, and Latin America. As the world popula- 
tion growth rates begin to slow in late 1980s, the percent- 
age of labor force age will increase. 

• World Gross Domestic Product will double during the 
same 15-year period. About one-half the increase will 
occur in North America, Western Europe, and Japan - 
regions with only 15% of the world population. 

• Domestic rail and highway freight requirements will in- 
crease by about 50%. International trade will more than 
double. 

The foregoing factors reflect an economic environment resulting 
from generally surprise-free continuation of recognized trends. 
In total, they are conducive to reasonable expansion in inter- 
national trade and to the development of advanced transporta- 
tion systems which , in turn, should have a positive feedback 
effect on trade expansion. 
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ADVANCED AIR CARGO SYSTEM STATUS 

» section provides additional background information about 

ORlG'l iA « lo the s'.atus of advanced air cargo sytem planning, circumstances 

OF POOR QUALITY surrounding the need for such a system, NASA's role in system 

development, and the importance of industry case studies to 
NASA's CLASS project. 

Today's Air Cargo System 

During the past two decades, the U S. and international air 
freight industry has been characteri?ed by development of new 
markets, rapid growth in traffic volume, and heavy c. pital in- 
vestment resulting in expanded capacity. Regularly scheduled 
flows of air freight now connect all domestic and international 
trade centers. 

In 1976, U.S. domestic intercity air cargo totaled about 3.8 
billion ton-miles, about on-fourth of the free world total. The 
U.S. domestic annual growth rate for 1970 1976 was 3.8 

(Jercent. U.S. and foreign international air cargo growth for the 
same fxtriod was 10.1 percent in total and substantially higher 
for develo[>ing markets. 
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Despite its rapid growth and emerging maturity, the existing air 
freight system is basically limited to small shipments of high- 
value and/or time-sensitive commodities and to emergency ship- 
ments of additional products. Less than half of all air cargo 
moves in dedicated all-cargo aircraft; the all-cargo aircraft are 
non-optimum configurations derived from passenger designs. 
The pallets and containers are specially designed for the air 
transportation mode without regard for high volume efficient 
linkage with the surface transport modes. 



Future Needs 

The Department of Transportation has expressed serious con- 
cern about the ability of our surface transportation systems to 
meet the nation's physical distribution requirements over the 
next fifteen to twenty years. Domestic freight transportation 
requirements are projected to double duiing the period from 
1970 to approximately 1990, and there is growing doubt that 
highway and rail capabilities can be improved and expanded 
sufficiently to meet total demand. Foreign international trans- 
portation requirements for post- 1990 are potentially an order 
of magnitude greater than our domestic needs. An expanded air 
cargo system, suited to volume movements and compatible with 
the surface network could absorb a greater share of this growth. 

The Department of Defense is concerned by the current short- 
age of all-cargo airlift capacity in the military fleet. The situa- 
tion is compounded by a further shortage in the commercial 
fleet which could be mobilized to meet national emergencies. 
Studies are now being pursued by industry and the Air Force 
for a large cargo airplane that could meet both commercial and 
military needs without undue compici.'iiae lo e.ther. 
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Equivalent Forty Foot Containen 



There is growing evidence thct a large freighter airplane, de- 
signed and dedicated exclusively for cargo use, would be of 
major benefit to commercial transportation users, the consumer 
public, and the military. A large cargo aircraft, incorporating 
the latest technological advances and designed for compatibility 
with surface transport modes, offers the prospect of significant- 
ly increasing operating efficiencies and reducing the cost of air 
shipments. 

The technical feasibility of intermodal air cargo operations on a 
volume basis has been demonstrated through an experimental 
program known as Project INTACT (Intermodal Air Cargo 
Test). In this joint government-industry program conducted 
under the leadership of the U.S. Department of Transportation, 
a wide range of conventional commercial freight was trans- 
ported by air for the first time in standard 40' highway trailers 
and 8' x 8-1/2' x 40' surfar- containers. In demonstration 
flights conducted in October 1975, van trailers and intermodal 
marine containers were packed by shippers at their own facili- 
ties, driven to the airport, and loaded directly into an Air Force 
heavy lift C-5A airplane with no further rehandling of the 
freight itself. 
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NASA Interest 

• Proposed Very Largs Aircraft Systems Technology Program 
— Cargo Transportation System Studies 
— System Technology Studies 
— Research & Technology Studies 
— Simulation of Handling Qualities 


NASA's Role in Advanced Air Cargo System Development 

In addition to its highly successful stewardship of America's 
space programs, the National Aeronautics and Space Adminis- 
tration has long been responsible for much of the nation's fund- 
amental research in aircraft technology. NASA's Langley Re- 
search Center at Hampton, Virginia, is now conducting and is 
participating with the DOT, DOD, and National Science 
Foundation in exploratory studies of advanced-technology all- 
cargo aircraft. Preliminary results indicate that favorable operat- 
ing economics would be possible. These efforts could lead to a 
national program for development of an advanced airfreighter 
for the 1990 time period. 
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NASA Air Cargo Workshop 

Langley • February 1976 

Purpose - To Obtain Industry Users Views on Need and General 
Guidelines for a New Large Freighter Aircraft 

Results - Strong Industry Support for New Air Cargo System - 
Physically and Economically Compatible with Surface 
Modes 

Confirmation of Validity of NASA Advanced Civil/Military 
Air Cargo Systems Study Initiatives 

NASA Sponsorship of Cargo Transportation System Studies 


In February 1976, NASA Langley sponsored an air cargo work- 
shop to obtain industry views on needs and applications for an 
advanced all-cargo airplane. A number of shippers and trans- 
portation-oriented companies were represented. Consensus ex- 
pressed at the workshop was that a definite need exists for 
expanded air cargo capability suited for repetitive large-volume 
movements. Participants also recommended that NASA seek the 
detailed guidance of shippers and surface carriers in identifying 
specific operational and economic criteria for the advanced air 
cargo system. 




NASA's CLASS Project 

In the present Cargo/Logistics Airlift System Study (CLASS), 
NASA seeks to determine more specifically the nature of user 
needs for an advanced intermodal air freight capability in the 
1990 time period. The results will provide important guidance 
for advanced cargo aircraft research and technology programs. 

NASA has contracted with the Lockheed-Georgia Company for 
assistance in conducting study. Lockheed heads a study team 
consisting of Trans World Airlines (TWA), the Equipment Inter- 
change Association (EIA) and D.L. Paden & Associates. 

TWA, as a leading air freight carrier, will develop an analysis of 
a normal-evolution air crago system assuming that no all-new 
cargo aircraft will be developed in the next twenty years. EIA, 
an intermodal transportation association with membership from 
truck, rail, ocean, and air modes, will provide expert knowledge 
on modal interfaces and will also play a major role in case study 
arrangements. D.L. Paden & Associates, physical distribution 
and industrial survey research consultants, has designed the case 
study program, will participate in company interviews, and will 
compile case study results for Lockheed. Lockheed will manage 
the program and integrate overall study results for submittal to 
NASA's Langley Research Center. NASA will be assisted by a 
special advisory committee consisting of a representative from 
the shipping community, the U.S. Department of Transporta- 
tion, and the U.S. Air Force. 
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Why Case Studies? 

It is expected that an advanced technology air freighter would 
accommodate a much wider range of commodity and geographic 
markets than is possible with today's air cargo system. However, 
these air freight markets cannot be accurately forecasted by con- 
ventional methods from gross statistical data on freight move- 
ments, since the new air freight system would be expected to 
attract types of freight presently limited to surface transporta- 
tion. These markets can only be defined on the basis of specific 
information from individual companies which might be expected 
to utilize the expanded air system in their normal distribution/ 
transportation operations. 

Becausj of the critical need for Sfiecific information, NASA and 
Lockheed I ^ve agreed to conduct in-depth case studies of a 
number of representative companies. Several different types of 
shippers are included to provide a rangt; of industrial, commercial, 
and agricultural products as well as geographical locations and 
company sizes. Both international and domestic distribution net 
works are of interest. 
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Freight forwarders and surface carriers are also included in the 
case studies. Inclusion of surface carriers is important because 
their present operations include a wide range and mix of freight 
movements that might be candidates for future long-haul trans- 
portation; also, carriers may be potential parti'ci pants in the 
future air system in terms of substitute and connecting service for 
their customers. 

Results of the case studies will be instrumental in determining the 
scope and timing of technical activities by NASA toward develop- 
ment of a new cargo airplane program. Information obtained 
from the shipper and carrier communities is crucial to NASA's 
assessment of national need for an advanced system of this type. 
At this point, the future course of the technology program is 
dependent upon the participation and cooperation of shippers 
and carriers who are leaders and innovators in their field. At the 
same time, the case study effort offers a unique opportunity for 
users to influence the development of a system concept that best 
serves their future transportation requirements. 

How Will this be Done? 

Information will be collected through special case study booklets 
and personal interviews. Participating companies will be provided 
these case study booklets and detailed instructions on the overall 
study and the specific information sought. Each company is then 
requested to complete the case study booklets applicable to its 
line of business, with supporting data in certain areas. Follow-up 
interviews, either in person or by phone, will be made to obtain 
any necessary clarification or expansion of the data. 
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AMF 
Bassett 

Black & Decker 
Burlington Industries 
Caterpillar Tractor 
Clark Equipment 
DAB Industries 
Eastman Kodak 
E.l. Dupont 
Eli Lilly 
Ex-Cell-0 
Ford Motor Co 
Food Fair Stores 
General Motors 
Genesco 
Goodyear 
Hercules 
IBM 

International Harvester 
J.C. Penney 
McCormick 
McGraw-Hill 
RCA 
Safeway 
Scott 

Sears Roebuck 
Texas Instruments 
United Brands 
Westinghousc 
Whirlpool 
Slid Antle 

Florida Citrus GrOivers 
Goidkist 
Gi'ower-Shipper Vegetable Astoc. 
Monfort of Colorado 
Iowa Beef Processors 
Western Growers Assoc. 

United Parcel Service 
Universal Car Loadings 
Emery Air Freight 
Consolidated Freightways 
Pacific intermOUntain Express 
Yellow Freight Liries 
Associated Freight Lines 
Georgia Highway Express 
Allied Van Lines 
North American Van Lines 
C&H Transport 

Metier Crane & Erection Service 
Atlantic Transfer Co. 

Burlington Northerri 
Southern Railway 
American President Line 
Sea-Land Services 
U.S. Lines 
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CLASS Case Study Data 

• Current Distribution and Transportation Operations 

• Decision Criteria and Process for Selecting Air Mode in 
Lieu of Surface Modes 

•’Asseistfient of Air MOde Selection Sensitivity 

• Desired Attributes of Advanced 1990 Air Cargo System 
^I'stimated Future Use of Advanced Air Cargo System 


Information obtained through the survey will be reduced and 
cohnpiled in sufnmary report form for submittal to NASA. Com- 
panies participating in the survey will be provided a report of case 
study, results. 

Information generated by the case studies includes; 

• Data on the company's current distribution/transportation 
network, to identify freight movements that would be 
likely candidates for line-haul air tTiovement by an 
advanced system; 

• Criteria by which air service would be selected in lieu of 
existing surface routings; 

• Projected volumes of freight for the advanced air system; 

• Characteristics and capabilities required in the air system to 
meet user needs. 
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AU PBO«ltIA»V DATA P«Ovl|)tD 6V SUBvEy £D tCMPAMCS ,1, BE AP«o«,ATav 
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NOt^C pr TME PKOPfflfrARV DATA PRCVfDCO flV AW COMPANY Y lU Bf fiCUASEU 
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Protection of Data 

Some elements of data requested in the case studies may be con- 
sidered by particular companies to be of a sensitive competitive 
nature and not suitable for public disclosure. To protect any 
information of possible proprietary nature, the following pro- 
cedures will be followed; 

• None of the raw data provided to the study team by a 
participating case-study company will be released by 
Lockheed to NASA or outside parties without the express 

permission ot that company . 

• In the study report, company names will not be identified 
to specific data. If company identification appears desir- 
able for isolated elements of information in the report, 
specific permission will be obtained from the affected 
company. 

• Data in the report will be arranged and combined in a 
manner to preclude company idnetification by inference 
from the data. 

If additional, more stringent data protection procedures are con- 
sidered necessary by a particular company, Lockheed will be 

pleased to discuss any special arrangements that seem appropri- 
ate. 
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CARLOAD WAYBILL STATISTICS 
ALL COMMODITIES - RANKED BY REVENUE PER TON-MILE 


APPENDIX lll-A 
TABLE lll-lE-1 


STCC DESCRIPTION 
259 Misc Furn. or Fixtures 
251 Household or Off. Furn. 

341 Metal Cans 

306 Misc Fabricated Rubber 

394 Toys, Amuse or Sport. Goods 

363 Household Appliances 
371 Motor Vehicles 

358 Service Indus Mach's 

307 Misc Plastic Prods 

411 Misc Freight Shipments 

352 Farm Machinery or Equipment 
19 Ordnance or Access 

23 Apparel 

229 Misc Textile Goods 

364 Elec Lighting or Wire Equip 

353 Const'n Mach'y or Equip 
205 Bakery Products 


WEIGHT 

% OF 

CUM 

TON-MILES 

% OF 

CUM 

CENTS PER 

(TONS) 

TOTAL 

% 

(THOUS) 

TOTAL 

% 

TON -MILE 

3,067 

0.02 

0.02 

2,634 

0.05 

0.05 

9.07 

9,185 

0.07 

0.09 

7,737 

0.14 

0.19 

8.91 

3,013 

0.02 

0.11 

2,153 

0.04 

0.23 

8.70 

1,579 

0.01 

0.12 

1,083 

0.02 

0.25 

7. 89 

2,025 

0.02 

0.14 

1,878 

0.03 

0.28 

7.50 

17,064 

0.14 

.28 

14,977 

0.27 

0.55 

7.34 

243,228 

1.94 

2.22 

196,767 

3.56 

4.11 

7.01 

2,114 

0.02 

2.24 

1,798 

0.03 

4.14 

6.92 

9,383 

0.07 

2.31 

7,685 

0.14 

4.28 

6.34 

3,760 

0.03 

2.34 

2,803 

0.05 

4.33 

6.26 

7,083 

0.06 

2.4 

6,945 

0.13 

4.46 

6.02 

3,126 

0.02 

2.42 

2,471 

0.04 

4.5 

5.68 

1,774 

0.01 

2.43 

1,413 

0.03 

4.53 

5.62 

5,529 

0.04 

2.47 

3,941 

0.07 

4.6 

5.47 

2,004 

0.02 

2.49 

1,980 

0.04 

4.64 

5.36 

10,966 

0.09 

2.58 

10,343 

0.19 

4.83 

5.06 

2,908 

0.02 

2.6 

2,538 

0.05 

4.88 

4.89 
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APPENDIX lll-A 
TABLE lll-lE-2 



WEIGHT 

% OF 

CUM 

TON -MILES 

% OF 

CUM 

CENTS PER 

STCC DESCRIPTION 

(TONS) 

TOTAL 

% 

(THOUS) 

TOTAL 

% 

TON -MILE 

301 Tires or Inner Tubes 

17,528 

0.14 

2.74 

13,392 

0.24 

5.12 

4.85 

265 Containers or Boxes,, Poperbd 

1 1 ,575 

0.09 

2.83 

7,441 

0.13 

5.25 

4.83 

365 Radio or TV Rec. Sets 

2,098 

0.02 

2.85 

2,256 

0,04 

5.29 

4.68 

38 Instru. or Photo Goods 

1,129 

0.01 

2.86 

1,075 

0,02 

5.31 

4.53 

332 Iron or Steel Castings 

19,739 

0.16 

3.02 

5,788 ' 

0,10 

5.41 

4.50 

349 Misc. Fab. Metal Prod. 

6,978 

0.06 

3.08 

5,163 

0.09 

5.5 

4.39 

264 Converted Paper, Etc. 

54,295 

0.43 

3.51 

38,577 

0.70 

6.2 

4.39 

31 Leather or Leather Prod. 

647 

0.01 

3.52 

374 

0.01 

6.21 

4.37 

402 Waste or Scrap 

334,763 

2.67 

6.19 

86,060 

1.56 

7.77 

4.10 

339 Misc. Primary Metal Prod. 

7,253 

0.06 

6.25 

3,231 

0.06 

7.83 

4.05 

322 Glass or Glassware 

8,165 

0.07 

6.32 

7,541 

0.14 

7.97 

4.03 

374 Railroad Equip 

24,676 

0.20 

6.52 

12,523 

0.23 

8.2 

4.00 

227 Floor Coverings 

2,627 

0.02 

6.54 

2,884 

0.05 

8.25 

3.86 

344 Fab. Struct Metal Prod. 

44,390 

0.39 

6.93 

30,397 

0.55 

8.8 

3.84 

421 Cont. Ship'g, Ret. Empty 

6,676 

0.05 

6.98 

5,716 

0.10 

8,9 

3.71 

331 Steel Works Prod. 

363,199 

2.89 

9.87 

133,500 

2.42 

11.32 

3.53 

284 Soap or Other Detergents 

14.045 

0.11 

9.98 

12,020 

0.22 

11.54 

3.48 

211 Cigarettes 

4,928 

0.04 

10.02 

6,689 

0.12 

11.66 

3.42 

207 Confectioner or Rel. Prod. 

3,317 

0.03 

10.05 

3,489 

0.06 

11.72 

3.38 
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APPENDIX I II -A 
TABLE lll-lE-3 


STCC 

DESCRIPTION 

WEIGHT 

(TONS) 

% OF 
TOTAL 

CUM 

% 

TON -MILES 
(THOUS) 

% OF 
TOTAL 

CUM 

% 

CENTS PER 
TON -MILE 

201 

Meat, Fresh, Chilled 

36,275 

0.29 

10.34 

26,755 

0.48 

12.2 

3,38 

295 

Paving or Roofing Mat' Is 

12,295 

0.10 

10.44 

5,317 

0.10 

12.3 

3.29 

202 

Dairy Products 

12,024 

0.10 

10.54 

9,063 

0.16 

12.46 

3.23 

106 

Manganese Ores 

9,089 

0.07 

10.61 

2,787 

0.05 

12.51 

3.18 

286 

Gum or Wood C hem. 

7,305 

0.06 

10.67 

5,206 

0.09 

12.6 

3.09 

451 

Shipper Assoc or Sim. Traff. 

46,592 

0.37 

11.04 

58,754 

1.06 

13.66 

3.08 

327 

Concrete, Gypsum Prod. 

72,128 

0.57 

11.61 

22,749 

0.41 

14,07 

2.96 

461 

Misc Mixed Shipments 

159,167 

1.27 

12.88 

161,957 

2.93 

17^00 

2.96 

291 

Prod, of Petro Ref'g. 

215,226 

1.71 

14.59 

109,307 

1.98 

18.98 

2.95 

335 

Nonferrous Metal Basic 

23,311 

0.19 

14.78 

23,677 

0.43 

19.41 

2.89 

289 

Misc. Chem. Prod. 

69,174 

0.55 

15.33 

51,468 

0. 93 

20.34 

2.88 

204 

Grain Mill Products 

333,332 

2.65 

17.98 

175,030 

3. 17 

23.51 

2.87 

441 

Frt Fwdr. Traffic 

28,546 

0.23 

18.21 

45,445 

0.82 

24.33 

2.87 

262 

Paper 

112,275 

0.89 

19.1 

89,772 

1.63 

25.96 

2.85 

282 

Plastic Materials 

100,353 

0.80 

19.9 

86,778 

1.57 

27.53 

2.82 

266 

Building Paper or Board 

20,790 

0.17 

20.07 

17,083 

0.31 

27.84 

2.82 

013 

Fresh Vegetables 

19,769 

0.16 

20.23 

36,761 

0.67 

28.51 

2.81 

012 

Fresh Fruits or Tree Nuts 

10,325 

0.08 

20.31 

21,250 

0.38 

28.89 

2.74 

324 Hydraulic CemenI- 

156,799 

1.25 

21.56 

42,420 

0.77 

29.66 

2.73 


A3A-5 


APPENDIX III -A 
TABLE lll-lE-4 


STCG DESCRIPTION 

WEIGHT 

(TONS) 

% OF 
TOTAL 

CUM 

% 

TON -MILES 
(THOUS) 

% OF 
TOTAL 

CUM 

% 

CENTS PER 
TON-MILE 

27 

Prinfed Matfer 

2,433 

0.02 

21.58 

3,544 

0.06 

29.72 

2.66 

109 

Misc. Metal Ores 

19,893 

0.16 

21.74 

6,369 

0.12 

29.84 

2.62 

111 

Anthracite 

21,975 

0.17 

21.91 

6,732 

0.12 

29.96 

2.62 

144 

Gravel or Sand 

330,329 

2.63 

24.54 

65,291 

1.18 

31.14 

2.56 

299 

Misc. Coal or Petro. Prod. 

190,456 

1.52 

26.06 

80,158 

1.45 

32.59 

2.56 

208 

Beverages or Flav'g Extracts 

117,050 

0.93 

26.99 

105,834 

1.92 

34.51 

2.53 

281 

Indus. Inorganic Chem. 

555,607 

4.42 

31.41 

387,439 

7.02 

41.53 

2.53 

329 

Abrasives or Asbestos 

244,942 

1.95 

33.36 

137,544 

2.49 

44.02 

2,51 

101 

Iron Ores 

1,117,254 

8.90 

42.26 

137,429 

2.49 

46.51 

2.51 

263 

Fiberboard, Etc. 

184,772 

1.47 

43.73 

137,147 

2.48 

48. 99 

2.48 

209 

Misc. Food Prep. 

223,952 

1.78 

45.51 

134,536 

2.44 

51.43 

2.46 

249 

Misc. Wood Products 

43,202 

0.34 

45.85 

49,362 

0.89 

52.32 

2.42 

422 

Trailers, Semi's, Ret. Empty 

4,023 

0.03 

45.88 

2,653 

0.05 

52.37 

2.40 

241 

Primary Forest Matl's 

614,557 

4.89 

50.77 

99,339 

1.80 

54.17 

2.39 

287 

Agricultural Chem. 

136,328 

1.09 

51.86 

73,112 

1.32 

55.49 

2.37 

08 

Forest Products 

5,539 

0.04 

51.9 

6,137 

o.n 

55.6 

2.34 

203 

Canned or Pres'd Fruits 

87,645 

0.70 

52.6 

126,685 

2.30 

57.9 

2.33 

325 

Struct. Clay Prod. 

49,754 

0.40 

53.0 

27,892 

0.51 

58.41 

2.32 

206 

Sugar, Beet or Cane 

76,434 

0.61 

53.61 

60,060 

1.09 

59.5 

2.28 
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APPENDIX III -A 
TABLE lll-lE-5 


STCC 

DESCRIPTION 

WEIGHT 

(TONS) 

% OF 
TOTAL 

CUM 

% 

TON-MILES 

(THOUS) 

% OF 
TOTAL 

CUM 

% 

GENTS PER 
TON -MILE 

243 

Mi II work Products 

78,303 

0.62 

54.23 

106,607 

1.93 

61.43 

2.26 

333 

Non-Ferrous Metal 

64,562 

0.51 

54.74 

72,923 

1.32 

62.75 

2.25 

142 

Crushed or Broken Stone 

459,313 

3.59 

58.33 

73,694 

1.34 

64.09 

2.24 

on 

Field Crops 

1,155,751 

9.20 

67.53 

520,006 

9.42 

73.51 

2.24 

242 

Sawmill Products 

149,614 

1.19 

68.72 

198,001 

3.59 

77. 1 

2.21 

105 

Bauxite or Other Al. Ores 

63,162 

0.50 

69.22 

31,308 

0.57 

77.67 

2.14 

103 

Lead or Zinc Ores 

22,321 

0.18 

69.4 

8,502 

0.15 

77.82 

2.10 

261 

Pulp or Pulp Mill Prod. 

55,865 

0.44 

69.84 

48,980 

0.89 

78.71 

2.06 

145 

Clay, Ceramic or Refractory 

30,157 

0.24 

70.08 

14,139 

0.26 

78.97 

2.06 

149 

Misc. Nonmetallic Min'Is 

53,056 

0.42 

70.5 

31,634 

0.57 

79.54 

1.98 

09 

Fresh Fish, Etc. 

1,023 

0.01 

70.51 

889 

0.02 

79.56 

1.98 

131 

Crude Petroleum or N.G. 

20,786 

0.17 

70.68 

8,373 

0.15 

79.71 

1.82 

147 

Chemical or Fert. Min'Is 

431,656 

3.44 

74.12 

65,556 

1.19 

80.9 

1.79 

112 

Bituminous Coal 

3,120,264 

24.85 

98.97 

998,381 

18.09 

98.99 

1.64 

102 

Copper Ores 

75,613 

0.60 

99.57 

12,445 

0.23 

99.22 

1.57 


A3.A 


APPENDIX lll-A 
TABLE I1I-2E-1 


CARLOAD WAYBILL STATISTICS 

MANUFACTURED GOODS - RANKED BY REVENUE PER TON-MILE 


STCC 

DESCRIPTION 

WEIGHT 

(TONS) 

% OF 
TOTAL 

CUM 

% 

TON -MILES 
(THOUS) 

% OF 
TOTAL 

CUM 

% 

CENTS PER 
TON-MILE 

259 

Misc Furn. or Fixtures 

3,067 

.06 

.06 

2,634 

.09 

.09 

9.07 

251 

Household or Off. Furn. 

9,185 

.19 

.25 

7,737 

.25 

.34 

8.91 

341 

Metal Cans 

3,013 

.06 

.31 

2,153 

.07 

.41 

8.70 

306 

Misc Fabricated Rubber 

1,579 

.03 

.34 

1,083 

.04 

.45 

7. 89 

394 

Toys, Amuse or Sport Goods 

2,025 

.04 

.38 

1,878 

.06 

.51 

7.50 

363 

Household Appliances 

17,064 

.34 

.72 

14,977 

.49 

1.0 

7.34 

371 

Motor Vehicles 

243,228 

4.9 

5.62 

196,767 

6.42 

7.42 

7.01 

358 

Service Indus Mach's 

2,114 

.04 

5.66 

1,798 

.06 

7.48 

6.92 

307 

Misc Plastic Prods 

9,383 

.19 

5.85 

7,685 

.25 

7.73 

6.34 

352 

Farm Mach'y or Equip 

7,083 

.14 

5.99 

6,945 

.23 

7.96 

6.02 

23 

Apparel 

1,774 

.04 

6.03 

1,413 

.05 

8.01 

5.62 

229 

Misc Textile Goods 

5,529 

.11 

6.14 

3,941 

.13 

8.14 

5.47 

364 

Elec Lighting or Wire Equip 

2,004 

.04 

6.18 

1,980 

.06 

8.2 

5.36 

353 

Const'n Mach'y or Equip 

10,966 

.22 

6.4 

10,343 

.34 

8.54 

5.06 

205 

Bakery Products 

2,908 

.06 

6.46 

2,538 

.08 

8.62 

4.89 

301 

Tires or Inner Tubes 

17,528 

.35 

6.81 

13,392 

.44 

9.06 

4.85 

265 

Containers or Boxes, Pap«rbd 

n,575 

.23 

7.04 

7,441 

,24 

9.3 

4.83 


APPENDIX lll-A 
TABLE 1II-2E-2 


STCC 

DESCRIPTION 

WEIGHT 

(TONS) 

% OF 
TOTAL 

CUM 

% 

TON -MILES 
(THOUS) 

% OF 
TOTAL 

CUM 

% 

CENTS PER 
TON-MILE 

365 

Radio or TV Rec. Sets 

2,098 

.04 

7.08 

2,256 

.07 

9.37 

4.68 

38 

Instru. or Photo Goods 

1,129 

.02 

7.1 

1,075 

.04 

9.41 

4.53 

332 

Iron or Steel Castings 

19,739 

.4 

7.5 

5,788 

.19 

9.6 

4.50 

349 

Misc. Fab. Metal Prod. 

6,978 

.14 

7.64 

5,163 

.17 

9.77 

4. 39 

264 

Converted Paper, Etc. 

54,295 

1.1 

8.74 

38,577 

1.26 

11.03 

4.39 

31 

Leather or Leather Prod. 

647 

.01 

8.75 

374 

.01 

11.04 

4.37 

339 

Misc. Primary Metal Prod. 

7,253 

. 15 

8.9 

3,231 

.11 

11.15 

4.05 

322 

Glass or Glassware 

8,165 

.16 

9.06 

7,541 

.25 

11.4 

4.03 

374 

Railroad Equip 

24,676 

.5 

9.56 

12,523 

.41 

11.81 

4.00 

227 

Floor Coveri ngs 

2,627 

.05 

9.61 

2,884 

.09 

11.9 

3.86 

344 

Fab. Struct Metal Prod. 

44,390 

.9 

10.51 

30,397 

.99 

12.89 

3.84 

331 

Steel Works Prod. 

363,199 

7.33 

17.84 

133,500 

4.36 

17.25 

3.53 

284 

Soap or Other Detergents 

14,045 

.28 

18.12 

12,020 

.39 

17.64 

3.48 

211 

Cigarettes 

4,928 

.1 

18.22 

6,689 

.22 

17.86 

3.42 

207 

Confectioner or Rel. Prod. 

3,317 

.07 

18.29 

3,489 

.11 

17.97 

3.38 

201 

Meat, Fresh, Chilled 

36,275 

.73 

19.02 

26,755 

.87 

18.84 

3.38 

295 

Paving or Roofing Matl's 

12,295 

.25 

19.27 

5,317 

.17 

19.01 

3.29 

202 

Dairy Products 

12,024 

.24 

19.51 

9,063 

.3 

19.31 

3.23 

286 

Gum or Wood Chem. 

7,305 

.15 

19.66 

5,206 

.17 

19.48 

3.09 

327 

Concrete, Gypsum Prod. 

72,128 

1.46 

21.12 

22,749 

.74 

20.22 

2.96 

291 

Prod, of Petro Ref'g. 

215,226 

4.34 

25.46 

109,307 

3.57 

23.79 

2.95 


ASA- 


APPENDIX III -A 
TABLE III-2E-3 


STCC 

DESCRIPTION 

WEIGHT 

(TONS) 

% OF 
TOTAL 

CUM 

% 

TON -MILES 
(THOUS) 

% OF 
TOTAL 

CUM 

% 

CENTS PER 
TON -MILE 

335 

Nonferrous Mefal Basic 

23,311 

.47 

25.93 

23,677 

.77 

24.56 

2.89 

289 

Misc. Chem. Prod. 

69,174 

1.4 

27.33 

51,468 

1.68 

26.24 

2.88 

204 

Grain Mill Products 

333,332 

6.73 

34.06 

175,030 

5.71 

31.95 

2.87 

262 

Paper 

112,275 

2.27 

36.33 

89,772 

2.93 

34.88 

2o85 

282 

Plastic Materials 

100,353 

2.03 

38.36 

86,778 

2.83 

37.71 

2.82 

266 

Building Paper or Board 

2Q,790 

.42 

38.78 

17, 083 

.56 

38.27 

2.82 

324 

Hydraulic Cement 

156,799 

3.16 

41.94 

42,420 

1.38 

39.65 

2.73 

27 

Printed Matter 

2,433 

.05 

41.99 

3,544 

.12 

39.77 

2.66 

299 

Misc, Coal or Petro. Prod. 

190,456 

3.84 

45.83 

80,158 

2.62 

42.39 

2.56 

208 

Beverages or Flav'g Extracts 

117,050 

2.36 

48.19 

’-05,834 

3.45 

45.84 

2.53 

281 

Indus. Inorganic Chem. 

555,607 

11.21 

59.4 

387,439 

12.64 

58.48 

2.53 

329 

Abrasives or Asbestos 

244,942 

4.94 

64.34 

137,544 

4.49 

62.97 

2.51 

263 

Fiberboard, Etc. 

184,772 

3.73 

68.07 

137,147 

: 4.48 

67.45 

2.48 

209 

MTsc. Food Frep. 

223,952 

4.52 

72.59 

134,536 

4.39 

71.84 

2.46 

249 

Misc. Wood Products 

43,202 

.87 

73.46 

49,362 

1.61 

73.45 

2.42 

241 

Primary Forest Mat' Is 

614,557 

12.4 

85.86 

99,339 

3.24 

76.69 

2.39 

287 

Agricultural Chem. 

136,328 

2.75 

88.61 

73,112 

2.39 

79.08 

2.37 

203 

Canned or Pres'd Fmits 

87,645 

1.77 

90.38 

126,685 

4.13 

33.21 

2.33 

325 

Struct. Clay Prod. 

49,754 

1.0 

91.38 

27,892 

,91 

34.12 

2.32 
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APPENDIX III -A 
TABLE 111-2 E-4 


STCG 

DESCRIPTION 

WEIGHT 

(TONS) 

% OF 
TOTAL 

CUM 

% 

TON-MILES 

(THOUS) 

% OF 
TOTAL 

CUM 

% 

CENTS PER 
TON-MILE 

206 

Sugar, Beef or Cane 

76,434 

1.54 

92.92 

60,060 

1.96 

86.08 

2.28 

243 

Mlllwork Producfs 

78,303 

1.58 

94.5 

106,607 

3.48 

89.56 

2.26 

333 

Non-Ferrous Metal 

64,562 

1.30 

95.8 

72,923 

2.38 

91.94 

2.25 

242 

Sawmill Products 

149,614 

3.01 

98.81 

198,001 

6.46 

98.4 

2.21 

261 

Pulp or Pulp Mill Products 

55,865 

1.13 

99.94 

48,980 

1.6 

100 

2.06 


A3A-11 


APPENDIX I II -A 
TABLE III-3E-1 


CARLOAD WAYBILL STATISTICS 
BASIC DATA - 2-DIGIT BREAKDOWN 




WEIGHT 

(TONS) 

% OF 
TOTAL 

TON -MILES 
(THOUS) 

% OF 
TOTAL 

AVG DIST 
(MILES) 

AVERAGE REVENUE ((?) 
PER CWT PER TON-MILE 

Total Carload Traffic 

12,557,565 

100.0 

5,520,056 

100.0 

440 

58,6 

2.67 

STCC 

DESCRIPTION 








01 

Farm Products 

1,191,338 

9.49 

582,615 

10,55 

489 

56.3 

2.30 

08 

Forest Products 

5,589 

0.04 

6,137 

0.11 

1098 

128,6 

2.34 

09 

Fresh Fish Etc 

1,023 

0.01 

889 

0.02 

869 

86.2 

1.98 

10 

Metallic Ores 

1,309,789 

10.43 

200,327 

3.63 

153 

18.2 

2.38 

11 

Coal 

3,142,239 

25.02 

1,005,114 

18.21 

320 

26.4 

1.65 

13 

Crude Petroleum 

24,953 

0.20 

10,705 

0.19 

429 

40.7 

1.90 

14 

Nonmetallic Min'I's 

1,297,126 

10.33 

251J40 

4.55 

194 

21.0 

2.16 

19 

Ordnance or Access 

3,126^ 

04 02 

^,471 

0,04 

790 

224.4 

5.68 

20 

Food or Kindred Prod. 

892,937 

“7.11 

643,991 

11.67 

721 

94.0 

2.61 

21 

Tobacco Products 

6,395 

0.05 

7,284 ; 

0.13 

1139 

194,2 

3.41 

22 

Textile Mill Prod. 

10,138 

0.08 

8,870 

0.16 

875 

199.3 

4.56 

23 

Apparel 

1,774 

0.01 

1,413 

0.03 

797 

224.1 

5.62 

24 

Lumber or Wood Prod, 

887,549 

7.07 

454,611 

8,24 

512 

58.6 

2.29 

25 

Furniture or Fixtures 

13,666 

0.11 

11,456 

0,21 

838 

370. ,1 

8.83 

26 

Pulp, Paper or Allied Prod, 

439,572 

3.50 

339,000 

6,14 

771 

108.1 

2.80 

27 

Printed Matter 

2,433 

0.02 

3,544 

0,06 

1456 

193.8 

2.66 


'V " 
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APPENDIX lll-A 
TABLE III-3E-2 




WEIGHT 

(TONS) 

% OF 
TOTAL 

TON -MILES 
(THOUS) 

% OF 
TOTAL 

AVG DIST 
(MILES) 

AVERAGE REVENUE (<?) 
PERCWT PER TON-MILE 

28 

Chemicals or Allied Prod. 

887,361 

7.07 

620,195 

11.24 

699 

91.0 

2.61 

29 

Petroleum or Coal Prods 

417,977 

3.33 

194,783 

3.53 

466 

65.2 

2.80 

30 

Rubber or Mi sc Plastic 

28,999 

0.23 

22,425 

0.41 

773 ' 

212.3 

5.49 

31 

Leather or Leather Prod. 

647 

0.01 

374 

0.01 

579 

126.5 

4.37 

32 

Clay, Concrete, Glass 

537,415 

4.28 

242,466 

4.39 

451 

59.7 

2.65 

33 

Primary Metal Prod. 

479,584 

3.82 

239,832 

4.34 

500 

77.8 

3.11 

34 

Fabricated Metal Prod. 

64,475 

0.51 

42,462 

0.77 

659 

140.4 

4.26 

35 

Machinery 

26,562 

0.21 

25,077 

0.45 

944 

262.6 

5.56 

36 

Electrical Mach'y or Equip 

26,019 

0,21 

23,475 

0.43 

902 

296.9 

6.58 

37 

Transportation Equip 

269,332 

2.14 

210,537 

3.81 

782 

267.1 

6.83 

38 

Instru. or Photo. Goods 

1,129 

0.01 

1,075 

0.02 

952 

215.5 

4.53 

39 

Mi sc. Prod, of Mfrg. 

3,006 

0.02 

3,150 

0.06 

1,048 

339.3 

6.48 

40 

Waste or Scrap Mat' Is 

335,172 

2.67 

86,242 

1.56 

257 

52.6 

4.09 

41 

Misc. Freight Shipments 

4,379 

0.03 

3,014 

0.05 

688 

207.8 

6.04 

42 

Containers, Shipping, Ret. 
Empty 

10,699 

0.09 

8,369 

0.15 

782 

128.9 

3.29 

44 

Frt Fwdr. Traffic 

28,546 

0.23 

45,445 

0.82 

1,592 

228.4 

2.87 

45 

Shipper Assoc, or Sim. Traff. 

46,592 

0.37 

58,754 

1.06 

1,261 

194.3 

3.08 

46 

Misc. Mixed Shipments 

159,924 

1,27 

162,800 

2.95 

1,018 

150,8 

2.96 



12,557,465 

100.00 

5,520,042 

100.00 
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APPENDIX lll-A 
TABLE i:i-4E-l 


CARLOAD WAYBILL STATISTICS 

BASIC DATA - 3-DIGIT BREAKDOWN (2-DIGIT DATA WHERE NO 3-DIGIT AVAILABLE) 



WEIGHT 

% OF 

TON-MILES 

% OF 

AVG DIST 

AVG REVENUE (CENTS) 


(TONS) 

TOTAL 

(THOUS) 

TOTAL 

(MILES) 

PER CWT 

PER TON -MILE 

TOTAL CARLOAD TRAFFIC 

12,557,565 

100.0 

5,520,056 

100.0 

440 

58.6 

2.67 

STCC DESCRIPTION 

on Field Crops 

1,155,751 

9.20 

520,006 

9.42 

450 

50.5 

2.24 

012 Fresh Fruits or Tree Nuts 

10,325 

0.08 

21,250 

0.38 

2058 

281.8 

2.74 

013 Fresh Vegetables 

19,769 

0.16 

36,761 

0.67 

1860 

261.2 

2.81 

01 Total 

1,185,845 

9.44 

578,017 

10.47 

- 

* 


01 Farm Products 

1,191,338 

9.49 

582,615 

10,55 

489 

56.3 

2.30 

08 Forest Products 

5,589 

0.04 

6,137 

0.11 

1098 

120.6 

2.34 

09 Fresh Fish Etc 

1,023 

0.01 

889 

0.02 

869 

86.2 

1.98 

101 Iron Ores 

1,117,254 

8.90 

137,429 

2.49 

123 

15.4 

2.51 

102 Copper Ores 

75,613 

0.60 

12,445 

0.23 

165 

12.9 

1.57 

1 03 Lead or Zinc Ores 

22,321 

0.18 

8,502 

0.15 

381 

40.0 

2.10 

105 Bauxite or Other Al . Ores 63,162 

0.50 

31,308 

0.57 

496 

53. 1 

2.14 

106 Manganese Ores 

9,089 

0.07 

2,787 

0.05 

307 

48.8 

3.18 

109 Misc. Metal Ores 

19,893 

0.16 

6,369 

0.12 

320 

41.9 

2.62 

10 Total 

1,307,332 

10.41 

198,840 

3.60 

- 

— 


10 Metallic Ores 

1,309,789 

10.43 

200,327 

3.63 

153 

18.2 

2.38 
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WEIGHT 

% OF 

STCC 

DESCRIPTION 

(TONS) 

TOTAL 

111 

Anthracite 

21,975 

0.17 

112 

Bituminous Coal 

3,120,264 

24.85 

11 

Total 

3,142,239 

25.02 

11 

Coal 

3,142,239 

25.02 

131 

Crude Petroleum or N.G. 

20,786 

0.17 

13 

Total 

20,786 

0.17 

13 

Crude Petroleum 

24,953 

0.20 

142 

Crushed or Broken Stone 

450,313 

3.59 

144 

Gravel or Sand 

330,329 

2.63 

145 

Cloy, Ceramic or Refractory 30, 157 

0.24 

147 

Chemical or Fert. Min'Is 

431,656 

3.44 

149 

Misc. Nonmetallic Min'Is 

53,056 

0.42 

14 

Total 

1,295,511 

10.32 

14 

Nonmetallic Min'Is 

1,297,126 

10.33 

19 

Ordnance or Access 

3,126 

0.02 

201 

Meat, Fresh, Chilled 

36,275 

0.29 

202 

Dairy Products 

12,024 

0.10 

203 

Canned or Pres'd Fruits 

87,645 

0.70 

204 

Grain Mill Products 

333,332 

2.65 

205 

Bakery Products 

2,908 

0.02 

206 

Sugar, Beet or Cane 

76,434 

0.61 

207 

Confectionery or Rel.Prod 

3,317 

0.03 

208 

Beve ages or Flav'g Extracts 1 17,050 

0.93 

209 

Misc. Food Prep. 

223,952 

1.78 

20 

Total 

892,937 

7.11 

20 

Food or Kindred Prod. 

892,937 

7.11 


f 


APPENDIX I II -A 
TABLE III-4E-2 


TON-MILES 

% OF 

AVG DIST 

AVG REVENUE (CENTS) 

(THOUS) 

TOTAL 

(MILES) 

PER CWT 

PER TON-MILE 

6,732 

0.12 

306 

40.1 

2.62 

998,381 

18.09 

320 

26.3 

1-64 

1,005,113 

18.21 

- 

- 

- 

1,005,114 

18.21 

320 

26.4 

1.65 

8,373 

0.15 

403 

36.7 

1.82 

8,373 

0.15 

- 

- 

- 

10,705 

0.19 

429 

40.7 

1.90 

73,694 

1.34 

164 

18.3 

2.24 

65,291 

1.18 

198 

25.3 

2.56 

14,139 

0.26 

469 

48.4 

2.06 

65,556 

1.19 

152 

13.6 

1.79 

31,634 

0.57 

596 

58.9 

1.98 

250,314 

4.53 

- 

- 

- 

251,140 

4.55 

194 

21.0 

2.16 

2,471 

0.04 

790 

224.4 

5.68 

26,755 

0.48 

738 

124.7 

3.38 

9,063 

0.16 

754 

121.8 

3.23 

126,685 

2.30 

1445 

168.4 

2.33 

175,030 

3.17 

525 

75.5 

2.87 

2,538 

0.05 

873 

213.6 

4. 89 

60,060 

1.09 

786 

89.6 

2.28 

3,489 

0.06 

1052 

177.5 

3.38 

105,834 

1.92 

904 

114.3 

2.53 

134,536 

2.44 

601 

74.0 

2.46 

643,990 

11.67 

- 

- 

- 

643,991 

11.67 

721 

94.0 

2.61 
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APPENDIX I II -A 
TABLE III-4E-3 


STCC 

DESCRIPTION 

WEIGHT 

(TONS) 

% OF 
TOTAL 

TON -MILES 
(THOUS) 

% OF 
TOTAL 

AVG DIST 
(MILES) 

AVG REVENUE (CENTS) 
PER CWT PER TON-MILE 

211 

Cigarettes 

4,928 

0.04 

6,689 

0.12 

1357 

232.0 

3.42 

21 

Torai 

4,928 

0.04 

6,689 

0.12 


^ ■ 


21 

Tobacco Products 

6,395 

0.05 

7,284 

C.13 

1139 

194.2 

3.41 

227 

Floor Coverings 

2,627 

0.02 

2,884 

0.05 

1098 

212.1 

3.86 

229 

Mi sc. Textile Goods 

5,529 

0.04 

3,941 

0.07 

713 

195.1 

5.47 

22 

Total 

8,156 

0.06 

6,825 

0.12 




22 

Textile Mill Prod. 

10,138 

0.08 

8,870 

0.16 

875 

199.3 

4.56 

23 

Apparel 

1,774 

0.01 

1,413 

0.03 

797 

224.1 

5.62 

241 

Primary Forest Mat' Is 

614,557 

4.89 

99,339 

1.80 

162 

19.3 

2.39 

242 

Sawmill Products 

149,614 

1.19 

198,001 

3.59 

1323 

146.2 

2.21 

243 

Millwork Products 

78,303 

0.62 

106,607 

1.93 

1361 

154.0 

2.26 

249 

Mi sc. Wood Products 

43,202 

0.34 

49,362 

0.89 

1143 

138.2 

2.42 

24 

Total 

885,675 

7.05 

453,309 

8.21 




24 

Lumber or Wood Products 

887,549 

7.07 

454,611 

8.24 

512 

58.6 

2.29 

251 

Household or Off. Furn. 

9,185 

0.07 

7,737 

0.14 

842 

375.2 

8.91 

259 

Misc. Furn. or Fixtures 

3,067 

0.02 

2,634 

0.05 

859 

389.6 

9.07 

25 

Total 

12,252 

0.10 

10,371 

0.19 




25 

Furniture or Fixtures 

13,666 

0.11 

11,456 

0.21 

838 

370. 1 

8.83 
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STCC 

DESCRIPTION 

WEIGHT 

(TONS) 

% OF 
TOTAL 

261 

Pulp or Pulp Mill Prods 

55,865 

0.44 

262 

Paper 

112,275 

0.89 

263 

FIberboard Etc. 

184,772 

1.47 

264 

Converted Paper Etc. 

54,295 

0.43 

265 

Containers or Boxes, Paperbd 11,575 

0.09 

266 

Building Paper or Board 

20,790 

0.17 

26 

Total 

439,572 

3.50 

26 

Pulp, Paper, or Allied Prod 

. 439,572 

3.50 

27 

Printed Matter 

2,433 

0.02 

281 

Indus Inorganic Chem 

555,607 

4.42 

282 

Plastic Materials 

100,353 

0„80 

284 

Soap or Oth Detergents 

14,045 

0.11 

286 

Gum or Wood Chem. 

7,305 

0.06 

287 

Agricultural Chem. 

136,328 

1.09 

289 

Mi sc Chem Prod. 

69,174 

0.55 

28 

Total 

882,812 

7.03 

28 

Chemicals or Allied Prod. 

887,361 

7.07 

291 

Products of Petro Ref g 

215,226 

1.71 

295 

Paving or Roofing Mat' Is 

12,295 

0.10 

299 

Misc. Coal or Petro. Prod. 

190,456 

1.52 

29 

Total 

417,977 

3.33 

29 

Petroleum or Coal Prod. 

417,977 

3.33 


TON -MILES 
(THOUS) 

48,980 

89,772 

137,147 

38,577 

7,441 

17,083 

339,000 

339,000 

3,544 

387,439 

86,778 

12,020 

5,206 

73,112 

51,468 

616,023 

620,195 

109,307 

5,317 

80,158 

194.782 

194.783 


APPENDIX lll-A 
TABLE III-4E-4 

% OF AVG DIST AVG REVENUE (CENTS) 
TOTAL (MILES) PER CWT PER TON-MILE 

0.89 877 90.5 2.06 

1.63 800 113.8 2.85 

2.48 742 92.1 2.48 

0.70 692 155.8 4.39 

0.13 643 155.4 4.83 

Q.31 822 115.9 2.82 

6.14 

6-14 771 108.1 2.80 

0.06 1456 193.8 2.66 

7.02 697 88.1 2.53 

1.57 865 121.8 2.82 

0.22 856 149.1 3.48 

0.09 713 110.1 3.09 

1.32 536 63.5 2.37 

0.93 744 107.1 2.88 

11.16 - - _ 

11.24 699 91.0 2.61 

1.98 508 74.9 2.95 

0.10 432 71.2 3.29 

1-45 421 53.9 2.56 

3.53 - . _ 

3.53 466 65.2 2.80 
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APPENDIX I II -A 
TABLE III-4E-5 




WEIGHT 

% OF 

TON -MILES 

% OF 

AVG DIST 

AVG REVENUE (CENTS) 

STCC 

DESCRIPTION 

(TONS) 

TOTAL 

(THOUS) 

TOTAL 

(MILES) 

PER CWT 

PER TON-MILE 

301 

Tires or Inner Tubes 

17,528 

0.14 

13,392 

0.24 

764 

185.3 

4.85 

306 

Mi sc. Fabricated Rubber 

1,579 

0.01 

1,083 

0.02 

686 

270.7 

7.89 

307 

Misc. Plastic Prod. 

9,383 

0.07 

7,685 

0.14 

819 

259.5 

6.34 

30 

Total 

28,490 

0.23 

22,160 

0.40 

- 



30 

Rubber or Misc Plastic 

28,999 

0.23 

22,425 

0.41 

773 

212.3 

5.49 

31 

Leather or Leather Prod. 

647 

0.01 

374 

0.01 

579 

126.5 

4.37 

322 

Glass or Glassware 

8,165 

0.07 

7,541 

0.14 

924 

186.0 

4.03 

324 

Hydraulic Cement 

156,799 

1.25 

42,420 

0.77 

271 

36.9 

2.73 

325 

Struct. Clay Prod. 

49,754 

0.40 

27,892 

0.51 

561 

65.1 

2.32 

327 

Concrete, Gypsum Prod. 

72,128 

0.57 

22,749 

0.41 

315 

46.7 

2.96 

329 

Abrasives or Asbestos 

244,942 

1.95 

137,544 

2.49 

562 

70.4 

2.51 

32 

Total 

531,788 

4.23 

238,146 

4.31 

- 

— 

— 

32 

Clay, Concrete, Glass 

537,415 

4.28 

242,466 

4.39 

451 

59.7 

2.65 

331 

Steel Works Prod. 

363,199 

2.89 

133,500 

2,42 

368 

64.9 

3.53 

332 

Iron or Steel Castings 

19,739 

0.16 

5,788 

0.10 

293 

66.0 

4.50 

333 

Non Ferrous Metal 

64,562 

0.51 

72,923 

1.32 

1130 

126.8 

2.25 

335 

Non Ferrous Metal Basic 

23,311 

0.19 

23,677 

0.43 

1016 

146.9 

2.89 

339 

Misc. Primary Metal Prod. 

7,253 

0.06 

3,231 

0.06 

445 

90.3 

4.05 

33 

Total 

478,064 

3.81 

239,119 

4.33 

- 

- 


33 

Primary Metal Prod. 

479,584 

3.82 

239,832 

4.34 

500 

77.8 

3.11 

341 

Metal Cans 

3,013 

0.02 

2,153 

0.04 

715 

310.7 

8.70 

344 

Fab Struct. Metal Prod. 

49,390 

0.39 

30,397 

0.55 

615 

118.2 

3.84 

349 

Misc. Fab. Metal Prod. 

6,978 

0.06 

5,163 

0.09 

740 

162.4 

4.39 

34 

Total 

59,381 

0.47 

37,713 

0.68 


- 

- 

34 

P-hricaied Metal Prod. 

64,475 

0.51 

42,462 

0.77 

659 

140.4 

4.26 
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DESCRIPTION 

Farm Mach 'y or Equip. 
Const'n Mach'y or Equip. 

Service Indus. Mach's. 
Total 

Machinery 

Household Appliances 
Elec. Lighting or Wire Equ 
Radio or TV-Rec. Sets 
Total 

Elec. Machiy or Equip, 

Motor Vehicles 
Railroad Equip. 

Total 

Transportation Equip. 

Instni. or Photo. Goods 


Toys, Amuse, or Sport. Goods 2,025 

Ia-°' a . 2,025 

Misc. Prod.iofMfrg 3,006 


WEI GHT 

% OF 

(TONS) 

TOTAL 

7,083 

0.06 

10,966 

0.09 

2,114 

0.02 

20,163 

0. 16 

26,562 

0.21 

17,064 

0.14 

) 2,004 

0.02 

2,098 

0.02 

21,166 

0.17 

26,019 

0.21 

243,228 

1.94 

24,676 

0.20 

267,904 

2.13 

269,332 

2.14 

1,129 

0.01 


402 Waste or Scrap 

40 Total 

40 Waste or Scrap Mat' Is 


334,763 

334,763 

335,172 


2.67 

2.67 

2.67 


APPENDIX I II -A 
TABLE III-4E--.6 

TOTA?^ A VG REVENUE (CENTS) 

(THOUS) TOTAL (MILES) PER CWT PER TO^N-MILE 

6,945 0.13 981 295 3 a no 

10-343 0.19 943 238 4 

1 79 R f> no o/-. ^00.5 5.06 

i,/98 0.03 851 294 4 A oo 

19,086 0.35 - _ 

25,077 0.45 944 262.6 5^56 

14,977 0.27 , 878 322 3 7 ra 

19,1i 3 0 3^ 'f'-® 

23,475 0.43 902 296.9 i'.SS 

283.7 7.01 

12,523 0.23 507 101 4 a nn 

210,537 3.81 782 267.1 6.83 

1,075 0.02 952 215.5 4.53 

1/878 0.03 927 347 o 7 

3/150 0.06 1048 339.3 6.48 

1.56 257 52.6 4.10 

• • 06 - _ 

1.56 257 52.6 4.09 


86,060 

86,060 

86,242 
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APPENDIX I II -A 
TABLE III-4E-7 




WEIGHT 

% OF 

TON -MILES 

% OF 

AVG DIST 

AVG REVENUE (CENTS) 

STCC 

DESCRIPTION 

(TONS) 

TOTAL 

(THOUS) 

TOTAL 

-(MILES) 

PER CWT 

PER TON-MILE 

411 

Misc. Freighf- Shipments 

3,760 

0.03 

2,803 

0.05 

745 

233.3 

6.26 

41 

Total 

3,760 

0.03 

2,803 

0.05 


- 


41 

Misc. Freight Shipments 

4,379 

0.03 

3,014 

0.05 

688 

207.8 

6.04 

421 

Cont. Ship'g Ret. Empty 

6,676 

0.05 

5,716 

0.10 

856 

158.8 

3.71 

422 

Trailers, Semi's, Ret. Empty 4,023 

0.03 

2,653 

0.05 

660 

79.1 

2.40 

42 

Total 

10,699 

0.09 

8,369 

0.15 

- 

- 

— 

42 

Containers, Shipping, Ret. 

10,699 

0.09 

8,369 

0.15 

782 

128.9 

3.29 


Empty 








441 

Frt Fwdr Traffic 

28,546 

0.23 

45,445 

0.82 

1592 

228o4 

2.87 

44 

Total 

28,546 

- 0.23 

45,445 

0.82 

- 

- 


44 

Frt Fwdr Traffic : 

28,546 

0.23 

45,445 

0.82 

1592 

228.4 

2.87 

451 

Shipper Assoc or Sim. Traff 

. 46,592 

0.37 

58,754 

1.06 

1261 

194.3 

3.08 

45 

Total 

46,592 

0.37 

58,754 

1.06 

- 

- 

- 

45 

Shipper Assoc or Sim. Traff 

46,592 

0.37 

58,754 

1.06 

1261 

194.3 

3.08 

461 

Misc. Mixed Shipments 

159,167 

1.27 

161,957 

2.93 

1018 

150.5 

2.96 

46 

Total 

159, 167 J 

1.27 

161,957 

2.93 

- 

- 

— 

46 

Misc. Mixed Shipments 

159,924 

1.27 

162,800 

2.95 

1018 

150.8 

2.96 
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APPENDIX lll-A 
TABLE 

CARLOAD WAYBILL STATISTICS ' 

ALL COMMODITIES - RANKED BY REVENUE PER TON-MILE 



WEIGHT 

(METRIC 

% OF 

CUM 

METRIC 

TON-KM— 

% OF 

CUM 

CENTS PER 
METRIC 

STCC DESCRIPTION 

TONS) 

TOTAL 

% 

(THOUS) - 

TOTAL 

% 

TON-KM 

259 Mi sc tFu rn , or Fixtures 

2,782 

0.02 

0.02 

3,846 - 

0.05 

0.05 

6.21 

251 Household or Off. Furn. 

8,332 

0.07 

0.09 

11,296 

0.14 

0.19 

6.10 

341 Metal Cans 

2,733 

0.02 

0.11 

3,143 

0.04 

0.23 

5.96 

306 Misc Fabricated Rubber 

1,432 

0,01 

0.12 

1,581 

0.02 

0.25 

5.40 

394 Toys, Amuse or Sport. Goods 

1,837 

0.02 

0.14 

: 2,742 

0.03 

0.28 

5.14 

363 Household Appliances 

15,480 

0.14 

.28 

21,866 

0.27 

0.55 

5.03 

371 Motor Vehicles 

220,653 

1.94 

2.22 

287,274 

3.56 

4.11 

4.80 

358 Service Indus Mach's i 

1,918 

0.02 

2.24 

2,625 

0.03 

4. 14 

4.74 

307 Misc plastic Prods 

8,512 

0.07 

2.31 

11,220 

0.14 

4.28 

4.34 

411 Misc Freight Shipments 

3,411 

0.03 

2.34 

4,092 

0.05 

4i33 

4.29 

352 Farm Machinery or Equipment 

6,426 

0.06 

2.4 

10,140 

0.13 

4.46 

4.12 

19 Ordnance or Access 

2,836 

0.02 

2.42 

1 3,608 

0.04 

4.5 

3.89 

23 Apparel 

1,609 

0.01 

2.43 

2,063 

0.03 

4.53 

:3.85 

229 Misc Textile Goods 

5,016 

0.04 

2.47 

5,754 

0.07 

4.6 

3.75 

364 Elec Lighting or Wire Equip 

1,818 

0.02 

2.49 

2,891 

0.04 

4.64 

3.67 

353 Const'n Mach'y or Equip 

9,948 

0.09 

2.58 

15,100 

0.19 

4.83 

3.47 

205 Bakery Products 

2,638 

0.02 

2.6 

3,705 

0.05 

4.88 

3.35 


A3A-21 



STCC DESCRIPTION 

WEIGHT 

(METRIC 

TONS) 

% OF 
TOTAL 

301 

Tires or Inner Tubes 

15,901 

0.14 

265 

Containers or Boxes, Paperbd 

10,501 

0.09 

365 

Radio or TV Rec. Sets 

1,903 

0.02 

38 

Instnj. or Photo Goods 

1,024 

0.01 

332 

Iron or Steel Castings 

-17,9b) 

0.16 

349 

Misc. Fab. Metal Prod. i 

6,330 

0.06 

264 

Converted Paper, Etc. 

49,256 

0.43 

31 

Leather or Leather Prod. 

587 

0.01 

402 

Waste or Scrap 

303,692 

2.67 

339 

Misc. Primary Metal Prod. 

6,580 

0.06 

322 

Glass or Glassware 

7,407 

0.07 

374 

Railroad Equip 

22,386 

0.20 

227 

Floor Coverings 

2,383 

0.02 

344 

Fab. Struct Metal Prod:. 

40,270 

0.39 

421 

Cont. Ship'g, Ret. Empty ^ 

6,056 

0.05 

331 

Steel Works Prod. 

329,489 

2.89 

284 

Soap or Other Detergents 

12,741 

0,11 

211 

Cigarettes 

4,471 

0.04 

207 

Confectioner or Rel. Prod. 

3,009 

0.03 


APPENDIX lll-A 
TABLE II1-1M-2 


CUM 

% 

METRIC 
TON-KM _ 
(THGUS) : 

% OF 
TOTAL 

CUM 

% 

CENTS PER 
METRIC 
TON-KM 

2.74 

19,552 

0.24 

5. 12 

3.32 

2.83 

10,864 

0.13 

5.25 

3.31 

2.85 

3,294 

0.04 

5.29 

3.21 

2.86 

1,569 

0.02 

5.31 

3.10 

3.02 

8,450 

0.10 

^41 

3.08 

3.08 

7,538 

J 

0.09 

5.5 

3.01 

3.51 

56,321 

0.70 

6.2 

3.01 

3.52 

546 

0.01 

6.21 

2.99 

6.19 

125,645 

1.56 

7.77 

2.81 

6.25 

i 4,717 

0.06 

7.83 

2.77 

6.32 

11,010 

0.14 

7.97 

2.76 

6.52 

18,283 

0.23 

8.2 

2.74 

6.54 

4,211 

0.05 

8.25 

2.64 

6.93 

44,379 

0.55 

8.8 

2.63 

6.98 

8,345 

0.10 

8.9 

2.54 

9.87 

194,906 

2.42 

11.32 

2.42 

9.98 

17,549 

0.22 

11.54 

2.38 

10.02 

9,766 

0.12 

11.66 

2.34 

10.05 

5,094 

0.06 

11.72 

2.32 
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APPENDIX lll-A 
TABLE III-IM-3 



WEIGHT 



METRIC 



CENTS PER 


(METRIC 

%OF 

CUM 

TON-KM 

% OF 

CUM 

METRIC 

STCC DESCRIPTION 

TONS) 

TOTAL 

% 

(THOUS) 

TOTAL 

% 

TON-KM 

201 Meat, Fresh, Chilled 

32,908 

0.29 

10.34 

39,062 

0.48 

12.2 

2.32 

295 Paving or Roofing Mat' Is 

11,154 

0.10 

10.44 

7,763 

0.10 

12.3 

2.25 

202 (Dairy Products H i 

10,908 

0.10 

10.54 

13,232 

0.16 

12.46 

2.21 

106 Manganese Or6s 

8,245 

0.07 

10.61 

4,069 

0.05 

12.51 

2.18 

286 Gum or Wood Chem. 

6,627 

0.06 

10.67 

7,601 

0.09 

12,6 

2.12 

451 Shipper Assoc or Sim. Traff. 

42,268 

0.37 

11.04 

85,779 

1.06 

13.66 

2.11 

327 Concrete, Gypsum Prod. 

65,433 

0.57 

11.61 

33,213 ; 

0.41 

14.07 

2.03 

461 Misc Mixed Shipments 

144,394 

1.27 

12.88 

236,453 

2.93 

17.00 

2.03 

291 Prod, of Petro Ref'g. - 

195,250 

1.71 

14.59 

159,585 

1.98 

18.98 

2.02 

335 Nonferrous Metal Basic 

21,147 

0.19 

14.78 

34,568 

1 0.43 

19.41 

1.98 

289 Misc. Chem. Prod. 

62,754 

0.55 

15.33 

75,142 

0. 93 

20.34 

1.97 

204 Grain Mill Products 

302,394 

2.65 

17.98 

;255,539 

3.17 

23.51 

1.97 

441 Frt Fwdr. Traffic 

25,896 

0.23 

18.21 

' 66,348 

0.82 

24.33 

lr97 

262 Paper 

101,854 

0.89 

19.1 

131,065 

1.63 

25.96 

1.95 

282 Plastic Materials 

91,039 

0.80 

19.9 

126,693 

1.57 

„_27.53 

1.93 

266 Building Pape ri or Board 

18,860 

0.17 

20.07 

24,941 

0.31 

27.84 

1.93 

013 Fresh Vegetables 

17,934 

0.16 

20.23 

53,670 

0.67 

28.51 

1.92 

012 Fresh Fruits or Tree Nuts 

9,367 

0.08 

20.31 

31,024 

0.38 

28.89 

1.88 

324 Hydraulic Cement 

142,246 

1.25 

21.56 

61,932 

0.77 

29.66 

1.87 
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APPENDIX lll-A 
TABLE lll-lM-4 


STCC DESCRIPTION 

WEIGHT 

(METRIC 

TONS) 

% OF 
TOTAL 

CUM 

% 

METRIC 
TON -KM 
(THOUS) 

% OF 
TOTAL 

CUM 

% 

CENTS PER 
METRIC 
TON -KM 

27 

Prinfed Matter 

2,207 

0.02 

21.58 

5,174 

0.06 

29.72 

1.82 

109 

Misc. Metal Ores 

18,047 

0.16 

21.74 

9,299 

0.12 

29.84 

1.79 

Ml 

Anthracite 

19,935 

0. 17 

21.91 

! 9,829 

0.12 

29.96 

1.79 

144 

Gravel or Sand 

299,669 

2.63 

24.54 

i 95,323 

1.18 

31.14 

1.75 

299 

Misc. Coal or Petrp. Prod. 

172,779 

1.52 

26.06 

117,028 

1.45 

32.59 

1.75 

208 

Beverages or Flav'g Extracts 

106,186 

0.93 

26.99 

154,515 

1.92 

34.51 

1.73 

281 

Indus. Inorganic Chem. 

: 507,038 

4.42 

31.41 

565,650 

7.02 

41.53 

1.73 

329 

Abrasives or Asbestos 

222,208 

1.95 

33.36 

200,810 

2.49 

44.02 

1.72 

101 

Iron Ores 

1,013,556 

8.90 

42.26 

200,643 

2.49 

46.51 

1.72 

263 

Fi berboard, E tc . 

167,622 

1.47 

43.73 

200,231 

' 2.48 

48.99 

1.70 

209 

Misc. Food Prep. 

203,166 

1.78 

45.51 

196,419 

2.44 

51.43 

1.68 

249 

Misc. Wood Products 

39,192 

0.34 

45.85 

72,067 

0,89 

52.32 

1 .66 

422 

Trailers, Semi 's. Ret. Empty 

3,650 

0.03 

45.88 

3,873 

0.05 

52.37 

1.64 

241 

Primary Forest Matl's 

557,517 

4.89 

50.77 ; 

145,032 

1.80 

54.17 

1.64 

287 

Agricultural Chem. 

123,675 

1.09 

51.86 

106,741 

1.32 

55.49 

1.62 

08 

Forest Products 

5,070 

0.04 

51.9 

8,960 

0.11 

55.6 

1.60 

203 

Canned or Pres'd Fruits 

79,510 

0.70 

52.6 

184,957 

2.30 

57.9 

1.60 

325 

Struct. Clay Prod. 

45,136 

0.40 

53.0 

40,722 

0.51 

58.41 

1.59 

206 

Sugar, Beet or Cane 

69,340 

0.61 

53.61 

87,686 

l.C? 

59.5 

1.56 
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STCC DESCRIPTION 

WEIGHT 

(METRIC 

TONS) 

% OF 
TOTAL 

CUM 

% 

243 

Millwork Producfs 

71,035 

0.62 

54.23 

333 

Non-Ferrous Metal 

58,570 

0.51 

54.74 

142 

Crushed dr Broken Stone 

416,682 

3.59 

58.33 

Oil 

Field Crops 

1,048,480 

9.20 

67.53 

242 

Sawmill Products 

135,728 

1.19 

68.72 

105 

Bauxite or Other Al. Ores 

57,300 

0.50 

69.22 

103 

Lead or Zinc Ores 

20,249 

0.18 

69.4 

261 

Pulp or Pulp Mill Prod. 

50,68Q 

0.44 

69.84 

145 

Clay, Ceramic or Refractory 

27,358 

0.24 

70.08 

149 

MIsc. Nonmetallic Min'Is 

48,132 

0.42 

70.5 

09 

Fresh Fish, Etc. 

928 

0.01 

70.51 

131 

Crude Petroleum or N.G. 

18,857 

0.17 

70.68 

147 

Chemical or Fert. Min'Is 

391,592 

3.44 

74.12 

112 

Bituminous Coal 

2,830,656 

24.85 

98.97 

102 

Copper Ores 

68,595 

0.60 

99.57 



APPENDIX m-A 
TABLE m-lM-5 


METRIC 

TON-KM 

(THOUS) 

% OF 
TOTAL 

CUM 

% 

CENTS PER 
METRIC 
TON-KM 

155,643 

1.93 

61.43 

1.55 

- 106,466 

1.32 

62.75 

1.54 

107,591 

1.34 

64.09 

1.53 

759,194 

9.42 

73.51 

1.53 

289,076 

3.59 

77.1 

1.51 

45,709 

0.57 

77.67 

1.47 

12,413 

0.15 

77.82 

i 1.44 

71,509 

0.89 

78.71 

1.41 

20,643 

0.26 

78.97i 

1.41 

46,185 

0.57 

79.54 

1.36 

1,298 

0.02 

79.56 

1.36 

12,224 

0.15 

79.71 

1.25 

95,710 

1.19 

80.9 

1.23 

1,457,609 

18.09 

98.99 

1.12 

18,169 

0.23 

99.22 

1.08 
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APPENDIX lll-A 
TABLE 1II-2M-1 

CARLOAD WAYBILL STATISTICS 

MANUFACTURED GOODS - RANKED BY REVENUE PER TON-MILE 


STCC 

DESCRIPTION 

WEIGHT 

(METRIC 

TONS) 

% OF 
TOTAL 

CUM 

% 

METRIC 
TON -KM 
(THOUS) 

% OF 
, TOTAL 

CUM 

% 

CENTS PER 
METRIC 
TON -KM 

259 

Mi sc Fupn. or Fixtures 

2,782 

.06 

.06 

3, 846 

•09 

.09 

6.21 

251 

Household or Off. Furn. 

8,332 

.19 

.25 

11,296 

,25 

.34 

6.10 

341 

Metal Cans 

2,733 

.06 

.31 

3,143 

.07 

.41 

5.96 

306 

Mi sc Fabricated Rubber 

1,432 

.03 

.34 

1,581 

.04 

.45 

5.40 

394 

Toys, Amuse or Sport Goods 

1,837 

.04 

.38 

2,742 

.06 

.51 

5.14 

363 

Household Appliances 

i 15,480 

.34 

.72 

21,866 

.49 

1.0 

5.03 

371 

Motor Vehicles 

220,653 

4.9 

5.62 

287,274 

6.42 

7.42 

4.80 

358 

i ■ 

Service Indus Mach's 

1,918 

.04 

5.66 

2,625 

.06 

7.48 

4.74 

307 

Mi sc Plasti c Prods 

8,512 

.19 

5.85 

11,220 

.25 

7.73 

4.34 

352 

Farm Mach'y or Equip 

6,426 

.14 

5.99 

10,140 

.23 

7.96 

4.12 

23 

Apparel J 

1,609 

.04 

6.03 

2,063 

.05 

8.01 

3.85 

229 

Mi sc Texti le Goods 

5,016 

.11 

6.14 

5,754 

.13 

8.14 

3.75 - 

364 

Elec Lighting or Wire Equip 

1,818 

.04 

6.18 

2,891 

.06 

8.2 

3.67 

353 

Const'n Mach'y or Equip 

9,948 

.22 

6.4 

15,100 

.34 

8.54 

3.47 

205 

Bakery Products 

2,638 

.06 

6.46 

3,705 

.08 

8.62 

3.35 

301 

Tires or Inner Tubes 

15,901 

.35 

6.81 

19,552 

.44 

9.06 

3.32 

265 

Containers or Boxes, Paperbd 

10,501 

.23 

7.04 

10,864 

.24 

9.3 

3.31 



■■ 
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STCC 

DESCRIPTION 

WEIGHT 

(METRIC) 

TONS) 

% OF 
TOTAL 

365 

Radio or TV Rec. Sefs 

1,903 

.04 

38 

Instru. or Phofo Goods 

1,024 

.02 

332 

Iron or Sfeel Castings 

17,907 

.4 

349 

Misc. Fob. Metal Prod. 

6,330 

.14 

264 

Converted Paper, Etc. 

49,256 

1.1 

31 

Leather or Leather Prod, 

587 

.01 

339 

Misc. Primory Metal Prod, 

6,580 

. 15 

322 

Glass or Glassware 

7,407 

.16 

374 

Railroad Equip 

22,386 

.5 

227 

Floor Coverings 

2,383 

.05 

344 

Fab. Struct Metal Prod. 

40,270 

.9 

331 

Steel Works Prod. 

329,489 

7.33 

284 

Soap or Other Detergents 

12,741 

.28 

211 

Cigarettes 

4,471 

.1 

207 

Confectioner or Rel. Prod. 

3,009 

.07 

201 

Meat, Fresh, Chilled 

32,908 

. 73 

295 

Paving or Roofing Matl 's 

11,154 

.25 

202 

Dairy Products 

10,908 

.24 

286 

Gum or Wood Chem. 

6,627 

.15 

327 

Concrete, Gypsum Prod. 

65,433 

1.46 

291 

Prod, of Petro Ref'g. 

195,250 

4.34 


APPENDIX lll-A 
TABLE III-2M-2 


CUM 

*/b 

METRIC 

TON-KM 

(THOUS) 

% OF 
TOTAL 

CUM 

% 

CENTS PER 
METRIC 
TON-KM 

7.08 

3,294 

.07 

9.37 

3.21 

7.1 

1,569 

.04 

9.41 

3.10 

7.5 

8,450 

.19 

9.6 

3.08 

7.64 

7,538 

.17 

9.77 

3.01 

8.74 

56,321 

1.26 

11.03 

3.01 

8.75 

546 

.01 

11.04 

2.99 

8.9 

4,717 

.11 

11.15 

2.77 

9.06 

11,010 

.25 

11.4 

2.76 

9.56 

18,283 

.41 

11.81 

2.74 

9.61 

4,211 

.09 

11.9 

2.64 

10.51 

44,379 

.99 

12.89 

2.63 

17.84 

1 94, 906 

4. 36 

17.25 

2.42 

18.12 

17,549 

.39 

17.64 

2.38 

18.22 

9,766 

.22 

17. 86 

2.34 

18.29 

5,094 

.11 

17.97 

2.32 

19.02 

39, 062 

.87 

18.84 

2.32 

19.27 

7, 763 

. 17 

19.01 

1.57 

19.51 

13,232 

.3 

19.31 

2.21 

19.66 

7,601 

.17 

19.48 

2.12 

21.12 

33,213 

.74 

20.22 

2.03 

25.46 

159,585 

3.57 

23.79 

2.02 


APPENDIX lll-A 
TABLE m-2M-3 

WEIGHT METRIC ^ABLE III CENTS PER 


STCC 

DESCRIPTION 

(METRIC 

TONS) 

% OF 
TOTAL 

CUM 

% 

TON -KM 
(THOUS) 

% OF 
TOTAL 

CUM 

% 

METRIC 
TON -KM 

335 

Nonferrous Metal Basic 

21,147 

.47 

25.93 

34,568 

.77 

24.56 

1.98 

289 

Misc. Chem. Prod. 

62,754 

1.4 

27.33 

75,142 

1.68 

26.24 

1.97 

204 

Grain Mill Products 

302,394 

6.73 

34.06 

255,539 

5.71 

31.95 

1.97 

262 

Paper 

101,854 

2.27 

36.33 

131,065 

2.93 

34.88 

:1.95 

282 

Plastic Materials 

91,039 

2.03 

38.36 

126,693 

2.83 

37.71 

1.93 

266 

Building Paper or Board 

18,860 

•42 

38.78 

24,941 

.56 

38.27 

1.93 

324 

Hydraulic Cement 

142,246 

3.16 

41.94 

61,932 

1.38 

39.65 

1.87 

27 

Printed Matter ; 

2,207 

.05 

41.99 

5,174 

.12 

39.77 

1;82 

299 

Misc, Coal or Petro. Prod. 

172,779 

3.84 

45.83 

117,028 

2.62 

42.39 

1,75 

208 

Beverages or Flav'g Extracts 

106,186 

2.36 

48.19 

154,515 

3.45 

45.84 

1.73 

281 

Indus. Inorganic Chem. 

504,038 

11.21 

59.4 

565,650 

12.64 

58.48 

1.73 

329 

Abrasives or Asbestos 

222,208 

4.94 

64.34 

200,810 

4.49 

62.97 

1.72 

263 

Fiberboard> Etc. 

167,622 

3.73 

6'8.07 

200,231 

4.48 

67.45 

1.70 

209 

Misc. Food Prep. 

203,166 

4.52 

72.59 

196,419 

4.39 

71.84 

1.68 

249 

! 1 

Misc. Wood Products 

39,192 

.87 

73.46 

72,067 

1.61 

73.45 

1.66 

241 

Primary Forest MatMIs 

557,517 

12.4 

85.86 

145,032 

3.24 

76.69 

1.64 

287 

Agricultural Chem. 

123,675 

2.75 

88.61 

106,741 

2.39 

79.08 

1.62 

203 

Canned or Pres'd Fruits 

79,510 - 

1.77 

90.38 

184,957 

4.13 

83.21 

1.60 ' 

325 

Struct. Clay Prod. 

45,136 

1.0 

91.38 

1 40,722 

.91 

84.12 

1.59 
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APPENDIX III -A 
TABLE III-2M-4 


STCC 

DESCRIPTION 

WEIGHT 

(METRIC 

TONS) 

% OF 
TOTAL 

CUM 

% 

METRIC 
TON -KM 
(THOUS) 

% OF 
TOTAL 

CUM 

% 

CENTS PER 
METRIC 
TON-KM 

206 

Sugar, Beet or Cqne 

69,340 

1.54 

92.92 

87,686 

U96 

86.08 

1.56 

243 

Mi II work Products 

71,035 

1.58 

94,5 

155,643 

3.48 

89.56 

1.55 

333 

Non-Ferrous Metal 

58,570 

1.30 

95.8 

106,466 

2.38 

91.94 

1.54 

242 

Sawmill Products 

135,728 

3.01 

98.81 

289,076 

6.46 

98.4 

1.51 

261 

Pulp or Pulp Mill Products 

50,680 

1.13 

99.94 

71,509 

1.6 

100 

1.41 
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APPENDIX4II-A 
TABLE III-3M-1 


CARLOAD WAYBILL STATISTICS 
BASIC DATA~- 2-DIGIT BREAKDOWN 




WEIGKT 

1 








(METRIC 

TONS) 

% OF 
TOTAL 

M.TON-KM 
: (THOUS) 

% OF 
TOTAL 

AVG DIST 
KM 

AVG REVENUE (?) 

PER KG PER M.TON-KM 

Total Carload Traffic 

11,392,031 

100.0 

8,059,129 

100.0 

708 

0.266 

1.83 

STCC 

DESCRIPTION 








01 

Farm Products 

1,080,764 

9.49 

850,602 

10.55 

787 

0.255 

1.58 

08 

Forest Products 

5,070 

0.04 

n 8,960 

0. 1 1 

1767 

0.583 

1.60 

09 

Fresh Fish Etc 

928 

0.01 

1,298 

0.02 

1399 

0.391 

1.36 

10 

Metallic Ores 

1,188,221 

10.43 

: 292,472 

3.63 

246 

0.083 

1.63 

11 

Coal 

2,850,591 

25.02 

1,467,439 

18,21 

515 

Q.120 

1.13 

13 

Crude Petroleum 

22,637 

0.20 

15,629 

0.19 

690 

0.185 

1.30 

14 

Nonmetal lie Miin'l's 

1,176,733 

; 10.33 

366,657 

4.55 

312 

0.095 

1.48 

19 

Ordnance or Access 

2,836 

0.02 

3,608 

0.04 

1271 

1.018 

3.89 

20 

Food or Kindred Prod. 

810,059 

7.11 

940,209 

11.67 

1160 

0.426 

1.79 

21 

Tobacco Products ' 

5,801 

0.05 

10,634 

0.13 

1833 

0.881 

2.34 

22 

Textile Mill Prod. 

9,197 

0.08 

12,950 

0.16 

1408 

0.904 

3.12 

23 

Apparel 

1,609 

0.01 

2,063 

0.03 

1283 

1.017 

3.85 

24 

Lumber or Wood Prod. 

805,171 

7.07 

663,719 

8.24 

824 

0.266 

1.57 

25 

Furniture or Fixtures 

12,398 

0.11 

16,725 

0,21 

1349 

1.679 

6.05 

26 

Pulp/ Paper or Allied Prod 

. 398,773 

3.50 

494,931 

6.14 

1241 

0.490 

1.92 

27 

Printed Matter 

2,207 

0.02 

5,174 

0.06 

2343 

0.879 

1.82 


oe-v0/ 


WEIGHT 




(METRIC 

TONS) 

% OF 
TOTAL 

28 

Chemicals or Allied Prod. 

805,000 

7.07 

29 

Pelroleum^or^Coal Prods 

379,182 

3.33 

30 

Rubber or Misc Plastic i 

26,307 

0.23 

31 

Leather or Leather Prod. 

587 

0.01 

32 

Clay/ Concrete, Glass 

487/535 

4.28 

33 

Primary Metal Prod. 

435,071 

3.82 

34 

Fabricated Metal Prod^ i 

58,491 

0.51 

35 

Machinery 

24,097 

0,21 

36 

Electrical Mach'y dr Equip 

23,604 

Q.21 

37 

Transportation Equip 

244,334 

2.14 

38 

Instru. or Photo. Goods 

1,024 

0.01 

39 

Misc. Prod, of Mfrg. 

2,727 

-^0.02 

40 

Waste or Scrap Mat'Is 

304,063 

2.67 

41 

Misc. Freight Shipments 

3,973 

0.03 

42 

Containers, Shipping, Ret. 
Empty 

9,706 

0.09 

44 

Frt Fwdr. Traffic 

25,896 

0.23 

45 

Shipper Assoc, or Sim. Traff. 

42,268 

0.37 

46 

Misc. Mixed Shipments 

145,081 

1.27 



11,391,941 

100.00 




APPENDIX lll-A 
, TABLE III-3M-2 


. TON-KM 
(THOUS)- 

.% OF 
TOTAL 

AVG DIST 
KM 

AVG. 
PER KG 

REVENUE (<j) 
PER M. TON- 

905,468 

11.24 

1125 

0.413 

1.79 

284,378 

3.53 

750 

0.296 

1.92 

32,740 

0.41 

1244 

0.963 

2.76 

546 

0.01 

932 

0.574 

2.99 

353,994 

4.39 

726 

0.271 

1.82 

350,148 

4.34 

802 

0.353 

2.13 

61,993 

0.77 

1061 

0.637 

2.92 

36,612 

0.45 

1519 

1.191 

3.81 

34,273 

0.43 

1452 

1.347 

4.51 

307,378 

3.81 

1259 

1.212 

4.68 

1,569 

0.02 

1532 

0.977 

3.10 

4,599 

0.06 

1687 

1.539 

4.44 

125,911 

1.56 

414 

0.239 

2.80 

4,400 

0.05 

1107 

0.943 

4.14 

12,219 

0.15 

1259 

0.585 

2.25 1 

66,348 

0.82 

2562 

1.036 

1.97 

85,779 

1.06 

2029 

0.881 

2.11 

237,683 

2.95 

1638 

0.684 

2.03 

8,059,108 

100.00 
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APPENDIXjll-A 
TABLE III -4M-1 

CARLOAD WAYBILL STATISTICS 

BASIC DATA - 3-DIGIT BREAKDOWN (2-DIGIT DATA WBERE NO 3-DIGIT AVAILABLE) 

WEIGHT AVG REVENUE (CENTS) 




(METRIC 

% OF 

Mo TON -KM 

% OF 

AVG DIST 


PER M. 



TONS) 

TOTAL 

(THOUS) 

TOTAL 

- KM 

PER KG 

TON -KM 

TOTAL CARLOAD TRAFFIC 

11,392,031 

100.0 

8,059,129 

100.0 

708 

0.266 

1.83 

STCC 

DESCRIPTION 








on 

Field Crops 

1,048,480 

9.20 

759,194 

9.42 

724 

0.229 

1.53 

012 

Fresh Fruits or Tree Nuts 

9,367 

0.08 

31,024 

0.38 

3312 

1.278 

1.88 

013 

Fresh Vegetables 

17,934 

0.16 

53,670 

0.67 

2993 

1.185 

1.92 

01 

Total 

1,075,780 

9.44 

843,889 

10.47 

- 



01 

Farm Products 

1,080,764 

9.49 

850,602 

10.55 

i787 

0.255 

1.58 

08 

Forest Products i 

5,070 

0.04 

8,960 

0.11 

1767 

0<,547 

1.60 

09 

Fresh Fish, Etc 

928 

0.01 

1,298 

0.02 

1399 

0.391 

1.36 

101 

Iron Ores 

1,013,556 

8.90 

200,643 

2.49 

198 

0.070 

1.72 

102 

Copper Ores 

68,595 

0.60 

18,169 

0.23 

266 

0.059 

1.08 

103 

Lead or Zinc Ores 

20,249 

0.18 

12,413 

0.15 

613 

0.181 

1.44 

105 

Bauxite or Other Al. Ores 57,300 

0.50 

45,709 

0.57 

798 

0.241 

^ 1.47 

106 

Manganese Ores 

8,245 

0.07 

4,069 

0.05 

494 

0.221 

2.18 

109 

Misc. Metal Ores 

18,047 

0.16 

9,299 

0.12 

515 

0.190 

: 1.79 

10 

Total 

1,185,992 

10.41 

290,301 

3.60 

- 

- 


10 

Metallic Ores i 

1,188,221 

10.43 

292,472 

3.63 

246 

0.083 

1.63 


A3A-32 


APPENDIX lll-A 
TABLE III-4M-2 




WEIGHT 


M.TON 



AVG REVENUE (CENTS) 



(METRIC 

% OF 

KM 

% OF AVG DIST 


PERM. 

STCC 

DESCRIPTION 

TONS) 

TOTAL 

(THOUS) 

TOTAL 

KM 

PER KG 

TON -KM 

111 

Anthracite 

19,935 

0.17 

9,829 

0.12 

492 

0.182 

1.79 

112 

Bituminous Coal 

2,830,656 

24.85 

1,457,609 

18.09 

515 

0.119 

1.12 

11 

Total 

2,850,591 

25.02 

1,467,437 

18.21 




11 

Coal 

2,850,591 

25.02 

1,467,439 

1 8.21 

515 

0. 120 

1.13 

131 

Crude Petroleum or N.G. 

18,857 

0.17 

12,224 

0.15 

649 

0.166 

1.25 

13 

Total 

18,857 

0.17 

12,224 

0.15 




13 

Crude Petroleum 

22,637 

0.20 

15,629 

0.19 

690 

0.185 

1.30 

142 

Crushed or Broken Stone 

408,517 

3.59 

107,591 

1.34 

264 

0.083 

1.53 

144 

Gravel or Sand 

299,669 

2.63 

95,323 

1.18 

319 

0.115 

1.75 

145 

Clay, Ceramic or Refractory 27,358 

0.24 

20,643 

0.26 

755 

0.220 

1.41 

147 

Chemical or Fert. Mih'Is 

391,592 

3.44 

95,710 

1.19 

245 

0.062 

1.23 

149 

Misci Nonmetal lie Min' Is 

48,132 

0.42 

46,185 

0,57 

959 

0.267 

1.36 

14 

Total ,, 

1,175,268 

10.32 

365,452 

4.53 

' Ml 



14 

Nortmetallic Min'Is 

1,176,733 

10.33 

366>657 

4.55 

312 

0.095 

1.48 

19 

Ordnance or Access 

2,836 

0.02 

3,608 

0.04 

1271 

1.018 

: 3.89 

201 

Meat, Fresh, Chilled 

32,908 

0.29 

39,062 

0.48 

1188 

0.566 

2.32 

202 

Dairy Products 

10,908 

0.10 

13,232 

0. 16 

1213 

0.552 

2.21 

203 

Canned or Pres'd Fruits 

79,510 

0.70 

184,957 

2.30 

2326 

0.764 

1.60 

204 

Grain Mill Products 

302,394 

2.65 

255,539 

3.17 

845 

0.342 

1,97 

205 

Bakery Products 

2,638 

0.02 

3,705 

0.05 

1405 

0.969 

3.35 

206 

Sugar, Beet or Cane 

69,340 

0.61 

87,686 

1.09 

1265 

0.406 

1.56 

207 

Confectionery or Rel.Prod. 

3,007 

0.03 

5,094 

0.06 

1693 

0.805 

2.32 

208 

Beverages or Flav'g Extracts 

106,186 

0.93 

154,515 

1.92 

1455 

0.518 

1.73 

209 

Mi sc. Food Prep. 

2ii'd, 166 

1.78 

196,419 

2.44 

967 

0.336 

1.68 

20 

Total 

810,059 

7.11 

940,208 

11.67 




20 

Food or Kindred Prod. 

810,059 

7.11 

940,209 

11.67 

1160 

0.426 

1.79 


vev 




APPENDIX lll-A 
TABLE III-4M-3 




WEIGHT 


M. TON 



AVG REVENUE (CENTS) 



(METRIC 

% OF 

KM 

% OF AVG DIST 


PERM. 

STCC 

DESCRIPTION 

TONS) 

TOTAL 

(THOUS) 

TOTAL 

KM 

PER KG 

TON -KM 

211 

Cigarettes 

4,471 

0.04 

9,766 

0.12 

2184 

1.052 

2.34 

21 

Total 

4,471 

0.04 

9,766 

0.12 

- 

- - . 

- . 

21 

Tobacco Produ cts 

5,801 

0.05 

10,634 

0.13 

1833 

0.881 

2.34 

227 

Floor Coverings 

2,383 

0.02 

4,211 

0.05 

1767 

0.962 

2.64 

229 

Mi sc. Textile Goods 

5,016 

0.04 

5,754 

0.07 

1 147 

0.885 

3.75 

22 

Total 

7,399 

0.06 

9,964 

0. 12 

- 

- 

- 

22 

Textile Mill Prod. 

9,197 

0.08 

12,950 

0.16 

M08 

1 ' 

0.904 

3.12 

23 

Apparel . 

1,609 

0.01 

2,063 

0.03 

1283 

■ i 

' 1.017 

3.85 

241 

Primary Forest Mat' Is 

557,517 

4.89 

145,032 

1.80 

261 

0.088 

1.64 

242 

Sawmil i P'oducts 

135,728 

1.19 

289,076 

3.5? 

2129 

0.663 

1.51 

243 

Millv/o'^k products 

71,035 

0.62 

155,643 

1.93 

2190 

0.699 

1.55 

249 

Mi SC . Wood Produ cts 

39,192 

0.34 

72,067 

0.89 

1839 

0.627 

1.66 

24 

Total 

803,471 

7.05 

661,819 

8.21 

- 


» - 

24 

Lumber or Wood Products 805, 171 

7.07 

663,719 

8.24 

824 

0.266 

1.57 

251 

Household or Off. Furn. 8,332 

0.07 

11,296 

0.14 

1355 

1.702 

6.10 

259 

MIsc. Furn. or Fixtures 2,782 

0.02 

3,846 

0.05 

1382 

1.767 

6.21 

25 

Total 

11,115 

0.10 

15,141 

0.19 

- 

- 

- 

25 

Furniture of Fixtures 

12,398 

0.11 

16,725 

0.21 

1349 

1.679 

6.05 


1 

CO 


A3A-34 


STCC 

DESCRIPTION 

WEIGHT 

(METRIC 

TONS) 

% OF 
TOTAL 

261 

Pulp or Pulp Mill Prod* 

50,680 

0.44 

262 

Paper 

101,854 

0.89 

263 

Fiberboqrd Etc. 

167,622 

1.47 

264 

Converted Paper Etc. 

49,256 

0.43 

265 

Containers or Boxes, Pape rbd 10,501 

0.09 

266 

Bpilding Paper or Board 

18,860 

0.17 

26 

Total 

398,773 

3.50 

26 

Pulp, Pa pe r , : o r Al 1 1 ed Proc 

1. 398,773 

3.50 

27 

Printed Matter 

2,207 

0.02 

281 

Indus Inorganic Cherti 

504,038 

4.42 

282 

Plastic Materials 

91,039 

0.80 

284 

Soap or Oth Detergents 

12,741 

0.11 

286 

Gum or Wood Chem. ' 

6,627 

0i06 

287 

Agricultbrai Chem. 

123,675 

1.09 

289 

Misc Chem Prod. 

62,754 

0.55 

28 

Total 

800,874 

7.03 

28 

Chemicals or Alllied Prod. 

805,000 

7.07 

291 

Products of Petro Ref'g 

195,250 

1.71 

295 

Paving or Roofing Mat'Is 

11,154 

0.10 

299 

Misc. Coal or Petro. Prod. 

172,779 

1.52 

29 

Total 

379,182 

3.33 

29 

Petroleum or Coal Prod. 

379,182 

3.33 





APPENDIX III -A 
TABLE III-4M-4 


M.TON- 

KM 

% OF 

AVG DIST 

AVG REVENUE (CENTS) 
^ PERM. 

(THOUS) 

TOTAL 

KM 

PER KG 

TON -KM 

71 ,509 

0.89 

1411 

0.411 

1.41 

131,065 

1.63 

1287 

0.516 

1.95 

200,231 

2.48 

1194 

0.418 

1.70 

56,321 

0.70 

1114 

0.707 

3.01 

10,864 

0.13 

1035 

0.705 

3.31 

24,941 

0.31 

1323 

0.526 

1.93 

494,931 

6.14 

- 



494,931 

6.14 

1241 

0.490 

1.92 

5,174 

0.06 

2343 

0.879 

1.82 

565,650 

7.02 

1122 

0.400 

1.73 

126,693 

1.57 

1392 

0.552 

1.93 

17,549 

0.22 

1378 

0.676 

2.38 

7,601 

0.09 

1147 

0.499 

2.12 

106,741 ! 

1.32 

863 

0.288 

1.62 

75,142 

0.93 

1197 

0.486 

1.97 

899,377 

11.16 

- 



905,468 

11.24 

1125 

0.413 

1.79 

159,585 

:i.98 

818 

0.340 

2.02 

7,763 

0.10 

695 

0.323 

2.25 

117,028 

1.45 

678 

0.244 

1.75 

284,376 

3.53 

- 



284,376 

3.53 

750 

0.296 

1.92 


A3A-35 


WEIGHT 

(METRIC % OF 


STCC 

DESCRIPTION 

TONS) 

TOTAL 

301 

Tires or Inner Tubes- 

15,901 

0.14 

306 

Misc. Fabricated Rubber 

1,432 

0.01 

307 

Mi sc. Plastic Prod, 

8,512 

0.07 

30 

Total 

25,846 

0.23 

30 

Rubber or Misc Plastic 

26,307 

0.23 

31 

Leather or Leather Prod. 

587 1 

0.01 

322 

Glass or Glassware 

7,407 

0.07 

324 

Hydrau I i c Cement 

142,246 

1.25 

325 

Structi Clay Prod, 

45,136 

0.40 

327 

Concrete, Gypsum Prod. 

65,433 

0.57 

329 

Abrasives or Asbestos 

222,208 

1.95 

32 

Total 

482,430 

4.23 

32 

Cldy, Concrete, Glass ' 

487,535 

4.28 

331 

Steel Works Prod. 

329,489 

2.89 

332 

Iron or Steel Castings 

17,907 

0.16 

333 

Noh Ferrous Metal 

58,570 

0.51 

335 

Non Ferrous Metal Basic 

21,147 

0.19 

339 

Misc. Primary Metal Prod. 

6,580 

0.06 

33 

Total 

433,692 

3.81 

33 

Primary Metal Prod. 

^ 435,071 

3.82 

341 

Metdl Cans ' 

2,733 

0.02 

344 

Fab Struct. Metal Prod. 

44,806 

0.39 

349 

Misc, Fab. Metal Prodo 

6,330 

0.06 

34 

Total 

53,870 

0.47 

34 

Fabricated Metal Prod. 

58,491 

0.51 


APPENDIX lll-A 
TABLE IM-4M-5 


M.TON- 

KM 

% OF 

AVG DIST 

AVG REVENUE (CENTS) 
PERM. 

(THpys) 

TOTAL 

KM _ __ 

PER KG 

TON-KM 

19,552 

0.24 

1230 

0.841 

;3.32 

1,581 

0.02 

1104 

1.228 

5.40 

11,220 

0.14 

1318 

1.177 

4.34 

32,353 

0.40 

- 



32,740 

0.41 

1244 

0.963 

3.76 

546 

0.01 

932 

0.574 

2.99 

11,010 

0.14 

1487 

0.844 

2.76 

61,932 

0.77 

436 

0.167 

1.87 

40,722 

0.51 

903 

0.295 

1.59 

33,213 

0.41 

507 

0.212 

2.03 

200,810 

2.49 

904 

0.319 

1.72 

347,687 

4.31 

■i- 



353,994 

4.39 

726 

0.271 

1.82 

194,906 

2.42 

592 

0.294 

2.42 

8,450 

0.10 

472 

0.299 

3.08 

106,466 

1.32 

1819 

0.575 

1.54 

34,568 

0.43 

1635 

0.666 

1.98 

4,717 

0.06 

716 

0.410 

2.77 

349,107 

,4.33 

- 



350,148 

4.34 

805 

0.353 

2.13 

3,143 

0.04 

1151 

1.409 

5.96 

44,379 

0.55 

990 

0.536 

2.63 

7,538 

0,09 

1 1 91 

0.737 

3.01 

55,060 

0.68 


— 


-61,993 

0.77 

1061 

0.637 

2.92 


ASA -36 


STCC 

DESCRIPTION 

WEIGHT 

(METRIC 

TONS) 

% OF 
TOTAL 

352 

Farm Mach'y or Equip. 

6,426 

0.06 

353 

Const’n Mach'y or Equipo 

9,948 

0.09 

358 

Service Indus. Mach's. 

1,918 

0.02 

35 

Total 

18,292 

0.16 

35 

Machinery 

24,097 

0.21 

363 

Household Appliances 

15,480 

0.14 

364 

Elec. Lighfing or Wire Equip. 1,818 

0.02 

365 

Radio orrTV Rec. Sets 

1,903 

0.02 

36 

Total ^ 

19,201 

0.17 

36 

Elec. Mach'y qr Equip. 

23,604 

0.21 

371 

Motor Vehicles 

220,653 

1.94 

374 

Railroad Equip. 

22,386 

0.20 

37 

Total 

243,038 

2.13 

37 

Transportation Equip. 

244,334 

2.14 

38 

Instnj. or Photo. Goods 

1,024 

0.01 

394 

Toys, Amuse, or Sport. Goods 1,837 

0.02 

39 

Total 

1,837 

0.02 

39 

Misc. Prod, of Mfrg 

2,727 

0.02 

402 

Waste or Scrap 

303,692 

2.67 

40 

Total 

303,692 

2.67 

40 

Waste or Scrap Mat'ls 

304,063 

2.67 


APPENDIX lll-A 
TABLE III-4M-6 


M.TON- 

KM 

% OF 

AVG DIST 

AVG REVENUE (CENTS) 
PER M. 

(THOUS) 

TOTAL 

KM 

PER KG 

TON-KM 

10,140 

0.13 

1579 

1 .339 

4.12 

15,100 

0.19 

1518 

1.082 

3.47 

2,625 

0.03 

1370 

1.335 

4.74 

27,865 

0.35 

- 

* 


36,612 

0.45 

1519 

1.191 

3.81 

21,866 

0.27 

1413 

1.462 

5.03 

2,891 

0.04 

1590 

1.200 

3.67 

3,294 

0.04 

1730 

1.140 

3.21 

28,050 

0.35 

— 



34,273 

0.43 

1452 

1.347 

; 4.51 

287,274 

3.56 

1302 

1.287 

4.80 

18,283 

0.23 

816 

0.460 

2.74 

305,558 

3.79 

- 



307,378 

3.81 

1259 

1.212 

4.68 

1,569 

0.02 

1532 

0.977 

3.10 

2,742 

0.03 

1492 

1.578 

5.14 

2,742 

0.03 

- 



4,599 

0.06 

1687 

1.539 

4.44 

125,645 

1.56 

414 

0.239 

2. 81 

125,645 

1.56 

- 



125,911 

1.56 

414 

0.239 

2.80 
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APPENDIX lll-A 
TABLE III-4M-7 




WEIGHT 


M. TON - 



AVG REVENUE (CENTS) 



(METRIC 

T OF 

KM 

% OF 

AVG DIST 


PER M. 

STCC 

DESCRIPTION 

TONS) 

TOTAL 

(THOUS) 

TOTAL 

KM 

PER KG 

TON -KM 

411 

Misc. Freight Shipments 

3,411 

0.03 

4,092 

0.05 

1199 

1.058 

4.29 

41 

Total 

3,411 

0.03 

4,092 

0.05 

- 

- 

- 

41 

Misc. Freight Shipments 

3,973 

0.03 

4,400 

0.05 

1107 

0.943 - 

4.14 

421 

Cont. Ship'g Ret. Empty 

6,056 

0.05 

8,345 

0.10 

1378 

0.720 

2.54 

422 

Trailers, Semi 's, Reti Empty 3,650 

0.03 

3,873 

10.05 

1062 

0.359 

1.64 

42 

Total 

9,706 

0.09 

12,219 

0.15 

- 

- 

- 

42 

Containers, Shipping, Ret. 

9,706 

0.09 : 

12,219 

0.15 

1259 

0.585 

2.25 


Empty 








441 

Frt Fwdr Traffic 

25,896 

0.23 

66,348 

0.82 

2562 

1.036 

1.97 

44 

Total 

25,896 

0.23 

66,348 

0.82 



- 

44 

Frt Fwdr Traffic 

25,896 

0.23 

66,348 

0.82 

2562 

1.036 

1.97 

451 

Shipper Assoc or Sim. Traff. 

42,268 

0.37 

85,779 

1.06 

2029 

0.881 

2.11 

45 

Total 

42,268 

0,37 

85,779 

1.06 

- 

- 

- 

45 

Shippe^r Assoc or Sim. Traff. 

42,268 

0.37 

85,779 

1.06 

2029 

0.881 

2.11 

461 

Misc. Mixed Shipments 

144,394 

1.27 

236,453 

2.93 

1638 

0.683 

2.03 

46 

Total 

144,394 

1.27 

236,453 

2.93 

- 

- 

- 

46 

Misc. Mixed 

145,081 

1.27 

237,683 

2.95 

1638 

0.684 

2.03 



*■*» 
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APPENDIX III-B 


CENSUS OF TRANSPORTATION DATA 


A3B-2 


U. S. DOMESTIC FREIGHT 

AIR PENETRATION 

ALL MANUFACTURED GOODS 



ALL MODES 
TONS 

ALL DISTANCES 

657,969,104 

LESS THAN 500 MILES 

462,308,610 

OVER 500 MILES 

195,660,494 

OVER 1000 MILES 

89,320,254 

OVER 1500 MILES 

35,347,807 

OVER 2000 MILES 

7,469,009 


AIR ONLY 
TONS 

AIR 

PENETRATION 

% 

674,528 

0.103 

127,698 

0.028 

546,830 

0.279 

334,575 

0.375 

225,049 

0.637 

134,533 

1.801 


SOURCE: 1972 CENSUS OF TRANSPORTATION 
PRODUCTION AREA/DESTINATION 
AREA DATA 


I 

03 






'endix II 


A3B-3 


U. S. DOMESTIC FREIGHT 
AIR PENETRATION 

ALL MANUFACTURED GOODS LESS 29XXX 



ALL MODES 
TONS 

ALL DISTANCES 

558,205,726 

LESS THAN 500 MILES 

417,677,376 

OVER 500 MILES 

140,528,350 

OVER 1000 MILES 

55,230,181 

OVER 1500 MILES 

27,796,396 

OVER 2000 MILES 

7,390,869 


AIR ONLY 
TONS 

AIR 

PENETRATION 

: 

670,915 

0.120 

124,515_ 

0.030 

546,400 

0.389 

334,567 

0.606 

225,045 

0.810 

134,529 

1.820 


SOURCE: 1972 CENSUS OF TRANSPORTATION 
PROD UCTION_AEEA/P ES T1 NATI ON 
AREA DATA 


Table II I -2 


A3B-4 


U. S. DOMESTIC FREIGHT 
TONNAGE VERSUS DISTANCE 
ALL MANUFACTURED GOODS 


ALL MODES 

TONS 

PERCENTAGE 
OF TONS 

ALL DISTANCES 

657,969,104 

100.0 

LESS THAN 500 MILES 

462,308,610 

70,3 

OVER 500 MILES 

195,660,494 

29.7 

OVER 1000 MILES 

89,320,254 

13.6 

OVER 1500 MILES 

35,347,807 

5.4 

OVER 2000 MILES 

7,469,009 . 

1.1 

AIR ONLY 

ALL DISTANCES 

674,528 

100.0 

LESS THAN 500 MILES 

127,698 

18.9 

OVER 500 MILES | 

546,830 

81.1 

OVER 1000 MILES - 

334,575 

49.6 

OVER 1500 MILES 

225,049 

33.4 

OVER 2000 MILES 

134,533 

19.9 


SOURCE; 1972 CENSUS OF TRANSPORTATION 
PRODUCTION AREA/DESTINATION 
AREA DATA 


» ■ 1. 




Appendix II I -B 
Table III-3-1 


A3B-5 



U. 5. DOMESTIC FREIGHT 
TONNAGE VERSUS DISTANCE 
ALL MANUFACTURED GOODS 



TONS 

PERCENTAGE 
OF TONS 

SURFACE MODES 
ALL DISTANCES 

657,294,576 

100.0 

LESS THAN 500 MILES 

462,180,912 

70.3 

OVER 500 MILES 

195,113,664 

29.7 

OVER 1000 MILES 

88,985,679 j 

13.5 

OVER 1500 MILES 

35,122,758 

5.3 

OVER 2000 MILES 

7,334,476 

1.1 



i. 




Appendix lll-B 
Table II I -3-2 


A3B-6 


U. 5. DOMESTIC FREIGHT 

TONNAGE VERSUS DISTANCE 

ALL MANUFACTURED GOODS LESS 29XXX 


ALL MODES 

TONS 

PERCENTAGE 
OF TONS 

ALL DISTANCES 

558,205,726 

100.0 

LESS THAN 500 MILES 

417,677,376 

74.8 

OVER 500 MILES 

140,528/350 

25.2 

OVER 1000 MILES 

55,230, 18l' 

9.9 

OVER 1500 MILES 

27,796,396 

5.0 

OVER 2000 MILES 

7,390,869 

1.3 

AIR ONLY 



ALL DISTANCES 

670,915 

100,0 

LESS THAN 500 MILES 

124,515 

18.6 

OVER 500 MILES 

546,400 

81.4 

OVER 1000 MILES 

334,566 

49.9 

OVER 1500 MILES 

225,045 

33.5 

OVER 2000 MILES 

134,529 

20. 1 


SOURCE: 1972 CENSUS OF TRANSPORTATION 

PRODUCTION aREA/DESTI NATION AREA DATA 
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U. S. DOMESTIC FREIGHT 
, TONNAGE VERSUS DISTANCE 

ALL MANUFACTURED GOODS LESS 29XXX 


SURFACE MODES 

TONS 

PERCENTAGE 
OF TONS 

ALL DISTANCES 

557,534,811 i 

100.0 

less THAN 500 Miles 

417,552,861 

74.9 

OVER 500 MILES 

139,981,950 

25.1 

OVER 1000 MILES 

54,895,612 

9.8 

OVER 1500 MILES 

27,571,351 

4.9 

OVER 2000 MILES 

7,256,340 

1.3 


SOURCE: 1972 CENSUS OF TRANSPORTATION 
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U. S. DOMESTIC FREIGHT 
TONNAGE VERSUS DISTANCE 
COMMODITIES 29XXX 

ALL MODES 

ALL DISTANCES 
less THAN 500 MILES 
OVER 500 MILES 
OVER 1000 MILES 
OVER 1500 MILES ; 

OVER 2000 MILES 

AIR ONLY 

ALL DISTANCES 
LESS THAN 500 MILES 
OVER 500 MILES 
OVER 1000 MILES 
OVER 1500 MILES 
OVER 2000 MILES 

SOURCE: 


TONS 

PERCENTAGE 
OF TONS 

99,763,378 

100.0 

44,631,234 

44.7 

55,132,144 I 

55.3 

34,090,074 

34.2 

7,551,411 

7.6 

78,141 

0.08 


3613 

100.0 

3183 

88.1 

430 

11.9 

9 

0.2 

3.7 

0.1 

3.5 

0.1 


1972 CENSUS OF TRANSPORTATION 
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Appendix II I -B 
Table 1 1 1-6 


AIR PENETRATION 

BY TON -MILES 

i 



DISTANCES 
GREATER THAN 

S.M. 

AIR OF 
TOTAL TONS 
% 

AIR OF RAIL 
TRUCK & AIR 
% 

AIR OF TRUCK 
&AIR 
% 

0 

0.375 

0.492 

1.087 

100 

0.388 

1.512 

1.177 

200 

0.418 

0.55? : 

1.389 

400 

0.499 

0.695 

2.026 

500 

0.532 

0.762 

2.300 

750 

0.621 

0.96f 

3.118 

1000 

0.744 

1.115 

3.732 

1500 

0.950 

1.430 

5.044 

2000 

1.916 

2.108 

6.421 

AIR PENETRATION 

- BY TONS 



0 

0.120 

0.139 

0.211 

100 

0.164 

0.197 

0.343 

200 

0.218 

0.267 

0.547 

400 

0.342 

0.450 

1.221 

500 

0.38? 

0.538 

1.541 

750 

0.494 T 

0.793 

2.494 

1000 

0.606 

0.951 

3.146 

1500 

0.810 

1.318 

4.768 

2000 

1.820 

1.987 

6.281 
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APPENDIX III-C 


METRIC UNIT TABLES 


A3C 


TABLE lll-lM-1. DEPARTMENT OF TRANSPORTATION FORECAST 


Tonnage 

% 

1975 

Metric 

Tons 

% 

1980 

Metric 

Tons 

% 

1990 

Metric 

Tons 

Annual 
Growth 
Rate - % 


Share 

Millionsi 

Share 

Millions 

Share 

Mil lions 

1980-1990 

Rai 1 

30 

1342.7 

30 

1737. 1 

32 

2323.4 

2.95 

Motor Carrier 

15 

671.3 

15 

868.6 

i 

16 

1161.7 

2.95 

Private Truck 

]7 

760. 8 

17.5 

1013.3 

18 

1306.9 

2.58 

Sub Total 

62 

2774.8 

62.5 

3619.1 

66 

4792.2 

2.85 

Water 

20 

895. 1 

20 

1158.1 

19 

1379.5 

1.77 

Pipeline 

18 

798.4 

17 

984.3 

15 

1089.1 

1.02 

Air 

.1 

4.4 

.1 

5.8 

.1 

7.2 

2.26 

Grand Total 

100 

4475.7 

100 

5790.5 

100 

7260.9 

2.29 

Ton Kilometres 

% 

1975 

Metric 

Ton- 

Kilometres 

% 

1980 

Metric 

Ton- 

Kilometres 

% 

1990 
Metri c 
Ton- 

Kilometres 

Annual 
Growth 
Rate - % 


Share 

Billions 

Share 

Billions 

Share 

Billions 

1980-1990 

Roi 1 

33.5 

nil 

40.2 

1682 

42.5 

2561 

4.29 

Motor Carrier 

8.6 

286 

7.2 

304 , 

9.5 

575 

6.60 

Private Truck 

10.8 

358 

8.6 

362 

6. 6 

399 

0.97 

Sub Total 

52.9 

1755 

56.0 

2348 

58.6 

3535 

4.18 

Water 

24.5 

813 

22.7 

949 

20.1 

1210 

2.46 

Pipeline 

22.4 

744 

21 . 1 

885 

21.0 

1267 

3.66 

Air 

0.18 

6 

0.17 

7 

0.22 

13 

6.05 

Grand Total 

99.98 

3319 

99.97 

4189 

99. 92 

6025 

3.70 


Source: U. S. DOT NaHonal 

Transportation Trends & 

Choices To The Year 2000, 

Page 69, for Tonnage & 

Mr. Costello, DOT for Ton^Miles 
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TABLE lll-lM-2 


Average Di stance - Kilometres 


1 



1975 

1980 

1990 

Rail 

827.5 

‘ 968.1 

1102.0 

Motor Carrier 

426.3 * 

1 

349.5 

1 

495.1 

Private Truck 

470.0 

357.2,,, 

304.9 

Sub Total 

632,4 

648.7 

737.5 

Water 

908.4 

819.4 

877 J2 

Pipeline 

932.6 

’ 898.8 

1163.5 

Air 

1313.7 

1237.9 

1810.5 

Grand Total 

741.4 

723.4 

829.7 


TABLE III-3M. RAIL AND TRUCK FORECAST (MILLION METRIC TONS) 


GNP 



Rail 

Truck 

Truck 


Total 

Mfg. 



Class 

ICC- 

Non-ICC 

Total 

Rail & 

1972 $'s 

Kg/$ GNP 

Year 

1 & II 

Regulated 

Regulated 

Truck 

Truck 

Billions 

(Mfg) 

1940 

970 

55 

191 

247 

1241 



1941 

1176 

70 

283 

353 

1529 



1942 

1359 

75 

185 

260 

1619 



1943 

1412 

i 87 

178 

265 

1677 



1944 

1420 

95 

198 

293 

1713 



1945 

1354 

98 

259 

357 

1712 



1946 

1299 

102 i 

321 

423 

1722 



1947 

1463 

122 i 

382 

504 

1968 

114.9 

17.1 

1948 

1433 

151 

368 

519 

1952 

121.5 

16.1 

1949 

1165 

160 

412 

572 

1736 

115.0 

15.1 

1950 

1289 

193 

527 

720 

2009 

131.3 

15.3 

1951 

1403 

215 ' 

575 

790 

2194 

146.0 

15.0 

1952 

1313 

220 

608 

828 , 

2141 

150.7 

14.2 

1953 

1314 

245 

669 

914 

2218 

161.2 

13.7 

1954 

1160 

246 

691 

937 

2097 

149.6 

14.0 

1955 

1324 

285 

679 

964 

2288 

, 165.8 

13.8 

1956 

1380 

299 

810 

1109 

2489 

' 166.9 

14.9 

1957 

1315 

299 

710 

1010 

2324 

167.8 

13.8 

1958 

1131 

298 

719 

1018 

2149 

153.3 

14.0 

1959 

1173 

340 

709 

1049 

2222 

170.7 

13.0 

1960 

1180 

351 

720 

1071 

2252 

’ 172.0 

13.1 

1961 

1137 

364 

836 

1200 

2337 

171.2 

13.7 

1962 

1174 

399 

890 

1289 

2463 

186.2 

13.2 

1963 

1222 

415 

952 

1367 

2589 

201.0 

12.9 

1964 

1288 

451 

1064 

1515 

2803 

215.7 

13.0 

1965 

1342 

505 

983 

1489 

2830 

235.1 

12.0 

1966 

1400 

550 

1032 

1582 

2982 

254.0 

. IT. 7 

1967 

1359 

544 

1129 

1674 

3033 

254. 1 

11.9 

1968 

1374 

582 

1060 

1643 

3017 

268.4 

11.2 

1969 

1413 

580 

1024 

1604 

3017 

276.2 

10.9 

1970 

1426 

600 

1059 

1658 

3084 

260.6 

11.8 

1971 

1335 

641 

1048 

1689 

3025 

264. 1 

11.4 

1972 

1389 

699 

1055 

1754 

3143 

288.8 

10.9 

1973 

1466 

753 

1087 

1840 

3300 

313.0 

10.6 

1974 

1469 

726 

1048 

1774 

3242 

296.8 

10.9 

1975 

1334 

624 

901 

1525 

2859 

270.0 

10.6 

1976 

1340 

711 

1026 

1737 

3077 



1980 





3529 

360.2 

9.8 

1985 





3797 

416.5 

9.1 

1990 





4157 

490.0 

8.5 

1995 





4525 

573.3 

7.9 


2000 4902 671 .3 


7.3 


TABLE III-4M. SMALL SHIPMENT HISTORY AND FORECAST 


Year 

Motor 
LTL 
Class 
I & II 

Rail 
LCL 
Class 
1 & II 

i 

Rail & 
Truck 

GNP 

Manufacturing 
1972 $'s 
Billions 

Kg/$ 

GNP (Mfg)o 

Net Metric Tons 

- In Thousands 



1950 

48,448 

20; 107 

68,555 

131.3 

.52 

1951 

44,399 

19,307 

63,705 

146.0 

.44 

1952 

45,010 

17,228 

62,238 

150.7 

.41 

1953 

46,993 

15,251 

62,244 

161.2 

c39 

1954 

45,612 

12,936 

58,549 

149,6 

.39 

1955 

49,108 

12,741 

61,849 

165.8 

.37 

1956 

51, 6^ 

11,906 

63,582 

166.9 

.38 

1957 

52,557 

10,181 

62,738 

I67c8 

.37 

1958 

51,049 

7,957 

59,006 

153.3 

.39 

1959 

56,900 

7,013 

63,912 

170.7 

.38 

1960 

56,376 

5,849 

62,225 

172.0 

.36 

1961 

57,631 

4,857 

62,488 

171.2 

.36 

1962 

62,179 

4,058 

66,237 

186.2 

.35 

1963| 

64,223 

3,035 

67,258 

201.0 

.34 

1964 

66,268 

2,219 

68,487 : 

215.7 

.32 

1965 

69,759 

1,928 

71,687 

235.1 

.30 

1966 

74,433 

1,497 

75,930 

254.0 , 

.30 

1967 

72,747 

1,372 

74,119 

254. 1 

.29 

1968 

75,499 

1,177 

76,675 

268.4 

.29 

1969 

76,662 

1,160 

77,822 

276.2 

.28 

1970 

70,850 

1,068 

71,918 

260.6 

.28 

1971 

71,214 

998 

72,212 

264^1 

.27 

1972 

75,115 

879 

75,994 

288.8 

.26 

1973 

76,012 

677 

76,690 

313i0 

.24 - ' 

1974 

78,018 

600 

78,618 

296.8 

.26 

1980 



83,326 

360.2 

.23 

1985 



86,904 

416.5 

.21 

1990 



91,127 

490.0 

,19 

1995 



92,217 

573.3 

.17 

2000 



100,484 

671.3 

.15 


i 
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TABLE III-5M. SHIPMENTS BY MANUFACTURING ESTABLISHMENTS - METRIC TONS 


Year 

1963 

1967 

1972 

1980 

1990 

2000 

All Commodities - 

Bulk and Manufactured - 

Rail and Truck Only 



Total Freight Movements - Metri 

c Tons (Mill 

ions) 

1 , i 



Rail 

1222 

1359 

1389 

1737 

2323 

2903 

Motor Carrier 

415 

544 

699 

869 

1162 

1451 

Private Truck 

952 

1130 

1055 

1013 

1307 

1633 

Total Truck 

1367 

1674 

1754 

1882 

2469 

3084 

Rail & Truck 

2589 

3033 

3143 

3619 

4792 

5987 

Total All -Modes Manufactured Goods^^^ Metric Tons (Millions) 




800.614 

877.209 

1015.710 




Percent Distribution - Rail and Truck Only 





Rail 

43.9 

44.6 

38.7 




Motor Carrier 

32.9 

33.5 

35.8 




Private Truck 

19.9 

17.6 

21.3 




Manufactured Goods^^^ by Rail and Truck - Metric Tons (Millions) 



Rail 

351.470 

391.235 

393.080 

478 

618 

749 

Motor Carrier 

263.402 

293.865 

363.624 

425 

526 

610 

Private Truck 

159.323 

154.388 

2161346 

202 

252 

304 

Total Truck 

422.725 

448.253 

579. 970 

627 

778 

914 

Rail & Truck 

774.195 

839.488 

973.050 

1105 

1396 

1663 

Manufactured Goods Movements 

- Percent Share of Total Freight Movements 


Rail 

28.8 

28. 8 

28.3 I 

27.5 

26.6 

25.8 

Motor Carrier 

63.4 

54.0 

52.0 

49.0 

45.3 

42.0 

Private Truck 

16.7 

13.7 

20.5 

20.0 

19.3 

18.6 

Total Truck 

30.9 

26.8 

33. 1 

;33.3^ 

31.5 

29.6 

Rail & Truck 

29.9 

27.7 

31.0 

30.6 

29.1 

27.8 


Sources: 

Manufactured goods for 23 Shipper Groups Historical Data - TAA Facts & Trends 
excluding Petroleum and Coal Productso Forecast Data - Based on DOT Trends 

& Choices 
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TABLE III-6M. 1972 CENSUS RESULTS 




Top Commodities by Tons 

Total 

Rail 




, Metric 

Metric 




Tons 

Tons 

Percent Rail 

Rank 


(Millions) 

(Millions) 

of Total 


All 23 Shipper Groups^^^ 

1,015,710 

393,080 

38.7 

1 

Stone/ Clay, & Glass Products 

161 >590 

35,388 

21.9 

2 

Canned Frozen & Other Food Products 

139)720 

70,838 

50.7 

3 

Primary Iron & Steel Products 

126,517 

55,287 

43.7 

4 

Chemicals, Plastics, Etc. 

101,471 

49,315 

48.6 

5 

Paper & Allied Products 

81,111 

42,015 

51.8 

6 

Lumber & Wood Prbducts Except Furniture 

72,567 

33,308 

45.9 

7 

Drugs, Paints & Other Chenii. Products 

53,435 

! 

20,198 

37.8 

8 

Candy, Beverages & Tobacco Products 

52,6l'3 

8,102 

15.4 

9 

Meat & Dairy Products 

38,661 

7,268 

18.8 


Top 9 Shipper Groups 

827,685 

321,719 

38.9 


Top 9 as Percent of Total 

81.5 

81.8 


10 

Motor Vehicles & Equipment 

36,278 

21,513 

59.3 


Top 10 as Percent of Total 

85.1 

87.3 



(1) The total for the 23 Shipper Groups excludes Petroleum and Coal Products 
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TABLE III -7M. MARKET UNIVERSE FOR AACS AND CASE STUDY CORRELATION 

MANUFACTURED GOODS ONLY 


Year 

1963 

1967 

1972 

1980 

1990 

2000 



Million 

Metric Tons 




Rail - Total 
Rail over 1287 km 

351.470 

391.235 

393.080 

478 

618 

749 

76.621 

85.289 

85.692 

104 

134 

163 

Rail - Specific Commodities*'^^ 

15.324 

17.058 

17.139 

21 

27 

33 

Truck - Total 
Truck over 1287 km^^^ 

422.725 

|448.254 

579.970 

628 

778 

914 

21.136 

22.413 

28.998 

32 

39 

45 

Truck - Specific Commodities 

21.136 

22.413 

28.998 

32 

39 

45 

Rail & Truck 







Total 

774.195 

839.489 

973.050 

1106 

1396 

1663 

Over 1287 km 

97.757 

107.702 

114.690 

136 

173 

208 

Specific Commodities 

36.460 

39.471 

46.137 

53 

66 

78 

Case Study Results for 45% Rate Reductions 






Percent of Universe 



19.0 

19.0 

19.-0 

19.0 

Air Tonnage with AACS 
A TA Belly Cargo Forecas/^^ 



8. 773 

10 

15 

15 




3 

5 

8 

Remaining demand for AACS 




7 

7 

6 


(1) 21.8 percent of rail tons move over 1287 km (800 m) 

( 2 ) 20 percent of rail tons move at yields of 2 (?/mtkm or more 

(3) 5 percent of truck tons moye oyer 1287 km (800 m) 

(4) All manufactured goods by truck considered eligible for AACS 

(5) Specific Commodities (Rail & Truck) times Percent of Universe /100 

(6) Atr Transport Association of America Cargo Forecast 1975 - 2000, January 1978, 
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TABLE III - 11M. MARAD SEABORNE DATA ANALYSIS 
CONTAINERIZABLE CARGO - IMPORTS & EXPORTS 


PERCENT TOTAL METRIC TONS OF COMMODITIES 

CONTAINERIZATION 1975 1990 20' 


60-100 

4,869,062 

14,433,408 

26,408,107 

40 - 60 

7,297,929 

15,870,124 

25,643,797 

20 - 40 

13,798,079 

24,488,224 

35,379,649 

5-20 

31,954,074 

56,296,886 

83,746,566 

0-5 

87,901,049 

190, 880,931 

312,871,492 

TOTAL 

145,820,193 

301,969,573 

484,049,611 

BULK COMMODITIES 

486,506,218 

790,783,496 

959,635,775 

TOTAL TRADE 

632,326,411 

1,092,753,069 

1,443,685,386 

CONTAINERIZABLE 

COMMODITIES 

23.1 

27.6 

33.5 

, ■ 



-I.:.. 


oioev 


table III - 12M. MARAD SEABORNE DATA ANALYSIS 
CONTAINERIZABLE CARGO - IMPORTS 

percent total METRIC tons of COMMODITIES 

CONT'S^INERIZATION 1975 1990 2i 


60 - 100 

4,145,666 

40 - 60 

2,834,915 

20 -40 

3,342,699 

5-20 

10,272,507 

0-5 

30,502,633 

TOTAL 

51,098,420 

BULK COMMODITIES 

337,039,433 

TOTAL IMPORTS 

388,137,853 


% OF CONTAINERIZABLE 
COMMODITIES 


11,545,673 

20,120,984 

7,073,687 

12,102,186 

5,392,767 

7,498,799 

19,403,842 

29,678,013 

61,553,095 

95,804,696 

104,969^064 

165,204,678 

571,355,893 

665,710,017 

676,324,957 

830,914,695 

15.5 

19.9 


TABLE III - 13M. MARAD SEABORNE DATA ANALYSIS 
CONTAINERIZABLE CARGO - EXPORTS 


PERCENT TOTAL METRIC TONS OF COMMODITIES 


CONTAINERIZATION 

1975 

1990 

2000 

60 -100 

723,396 

2,887,735 

6,287,123 

40 -60 , 

4,463,014 

8,796,437 

13,541,611 

20 - 40 

10,455,380 

19,095,457 

27,880,850 

5-20 

21,681,567 

36,893,044 

54,068,553 

0-5 

57,398,416 

129,327,836 

217,066,796 

TOTAL 

94,721,773 

197,000,509 

318,844,933 

BULK COMMODITIES 

149,466,785 

219,427,603 

293,925,758 

TOTAL EXPORTS 

244,188,558 

416,428,112 

612,770,691 

% OF CONTAINERIZABLE 
COMMODITIES 

38.8 

47.3 

52.0 


A3C-12 


TABLE III - 14M. MARAD SEABORNE DATA ANALYSIS 
CONTAINERIZED CARGO - IMPORTS & EXPORTS 


PERCENT TOTAL METRIC TONS CONTAINERIZED 


CONTAINERIZATION 

1975 

1990 

2000 

60 - 100 

3,895,250 

11,546,725 

21,126,484 

40 -60 _ 

3,648,985 

7,935,080 

12,821,921 

20-40 

4,139,417 

7,346,466 

10,613,888 

5 - 20 

3,938,751 

6,930,929 

10,316,353 

0-5 

1,804,153 

3,804,490 

6,133,727 

TOTAL 

17,426,556 

i 37,563,690 

61,012,373 

BULK COMMODITIES 

614,899,855 

1,055,189,395 

1,382,673,013 

TOTAL TRADE 

632,326,411 

1,092,753,085 

1,443,685,386 

% CONTAINERIZED 
COMMODITIES 

2.8 

3.4 

4.2 
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TABLE II! - 15M. MARAD SEABORNE DATA ANALYSIS 
CONTAINERIZED CARGO - IMPORTS 


PERCENT 

TOTAL METRIC TONS CONTAINERIZED 

CONTAINERIZATION 

1975 

1990 

2000 

60 - 100 

3,316,531 

9,236,538 

16,09^,787 

40-60 

1,417,466 

3,536,848 

6,051,100 

20 - 40 

1,002,806 

1,617,830 

2,249,636 

5-20 

1,218,949 

2,294,547 

3,515,216 

0-5 

723,582 

1,387,479 

2,158,794 

TOTAL 

7,679,334 

18,073,242 

30,071,533 

BULK COMMODITIES 

380,458,519 

658,251,731 

800,843,162 

TOTAL IMPORTS 

388,137,853 

676,324,957 

830,914,695 

% OF CONTAINERIZED 

2.0 

9 7 

3.6 

COMMODITIES 

i 
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TABLE III - 16M. MARAD SEABORNE DATA ANALYSIS 
CONTAINERIZED CARGO - EXPORTS 


PERCENT 

TOTAL METRIC TONS CONTAINERIZED 

CONTAINERIZATION 

. 1975 

1990 

2000 

■o 

o 

o 

578,719 

2^310,187 

5,029,697 

40 - 60 

2,231,519 

4,398,232 

6,770,821 

20 - 40 

3,136,611 

5,728,636 

8,364,252 

5-20 

2,719,802 

4,636>382 

6,801^137 

0-5 

1,080,571; 

2,417,011 

1 3,974,933 

TOTAL 

9,747,222 

19,490,448 

30,940,840 

BULK COMMODITIES 

234,441,336 

396,937,664 

581,829,851 

TOTAL EXPORTS 

244,188,558 

416,428,112 

612,770,691 

% CONTAINERIZED 

4.0 

4.7 

5.1 

COMMODITIES 
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TABLE 111 - 17M. MARAD SEABORNE DATA ANALYSIS 
AIR DISTANCES - KILOMETERS 


TO/FROM 

NEW YORK 

CHICAGO 

LOSANGELES 

AVERAGE 

1. CANADA 

- 

- 

- 

1,609 

2. OECD EUROPE 

6,437 

7,081 

9,173 

7,178 

3. OTHER FREE EUROPE 

- 


- 

7,242 

4. JAPAN 

10,944 

10,139 

8,690 

10,252 

5. AUSTRALIA 

16,576 

15,289 

12,231 

15,321 

6. NEW: ZEALAND 

15,128 

13,518 

10,622 

13,744 

7. MIDDLE EAST 

10,622 

11,426 

13,358 

11,410 

8. AFRICA 

9,656 

11,265 

12,875 

10,783 

9. L/D ASIA 

16,254 

14,967 

13,518 

15,321 

10. L/D AMERICA 

7,725 

8,690 

10,461 

8,562 

11. COMMUNIST EUROPE 

7,403 

8,047 

10,13V 

8,143 

12. COMMUNIST ASIA ; 

i 

13,358 

12,553 

11,104 

12,666 

13. ALL OTHER COUNTRIES 

- 



9,978 

Weighted average based on traffic 

distri but! on 

of 50% Nev- York, 

30% Chicago, und 20% 

Los Angeles. 
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TABLE III - 18M. MARAD SEABORNE DATA ANSLYSIS 
CONTAINERIZED CARGO - IMPORTS + EXPORTS - METRIC TONS 

1975 1990 2000 


REGION 

DISTANCE 

KM 

METRIC 

TONS 

% OF 
TOTAL 

METRIC 

TONS 

% OF 
TOTAL 

^ WWW 

METRIC — 
TONS 

% OF 
TOTAL 

1. CANADA 

1,609 

461,552 

2.65 

1,022,638 

2.72 

1,554,693 

2.55 

2. OECD EUROPE 

7,179 

6,679,855 

38.33 

14,848,230 

39.53 

24,455,677 

40.08 

3. OTHER FREE EUROPE - 

7,242 

86,743 

0.50 

204,430 

0.54 

T 337,096 

0.55 

4. JAPAN 

10,252 

2,998,078 

17.21 

7,019,753 

18.69 

11,442,151 

18.75 

5. AUSTRALIA 

15,321 

490,842 

2.82 

1,271,201 

3.38 

2,150,118 

3.52 

6. NEW ZEALAND ; 

13,744 

152,091 

0.87 

360,373 

0.96 

555,354 

0.91 

7. middle EAST v n 7 

11,410 

572,396 

3.28 

1,086,546 

2.89 

1,761,018 

2^89 

8. AFRICA 

10,783 

594,236 

3,41 

885,029 

2.36 

1,307,382 

2.14 

9. L/DASIA 

15,321 

2,353,023 

13.50 

5,172,243 " 

13.77 

8,557,467 

14.03 

10. L/D AMERICA 

8,562 

2,574,545 

14. 77 

4,743,711 

12.63 

7,349,533 

12.05 

11. COMMUNIST EUROPE 

8,143 

323,245 

1.85 

632,137 

1.68 

1,008,073 

1.65 

12. COMMUNIST ASIA 

12,666 

119,659 

0.69 

284,813 

0.76 

492,958 

0.81 

13. ALL OTHER COUNTRIES 

9,978 

20,443 

0.12 

32,726 

0.09 

40,998 

0.07 

TOTAL 


17,426,708 


37,563,830 


61,012,518 
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TABLE 111 - 19M. MARAD SEABORNE DATA ANALYSIS 
CONTAINERIZED CARGO - IMPORTS - METRIC TONS 

1975 1990 2000 


REGION 

DISTANCE 

KM 

METRIC 

TONS 

% OF 
TOTAL 

METRIC 

TONS 

% OF 
TOTAL 

METRIC 

TONS 

% OF 
TOTAL 

1. CANADA 

1,609 

242,101 

3.15 

398,092 

2.20 

556,403 

1.85 

2. OECD EUROPE 

7/178 

3,031,622 

39.48 

7,543,000 

41.74 _ 

12,816,611 

42.62 

3. OTHER FREE EUROPE 

7,242 

50,695 

0.66 

95,591 

0.53” 

149,220 

0.50 

4. JAPAN 

10,252 

1,587,429 

20.67 

4,297,854 

23.78 

7,369,047 

24.51 

5. AUSTRALIA 

15,321 

273,185 

3.56 

688,022 

3.81 

1,157,852 

3.85 

6* NEW ZEALAND 

13,744 

102,064 

1.33 

210,008 

1.16 

293,109 

0.97 

7. MIDDLE EAST 

11,410 

48,634 

0.63 

100,550 

0.56 

160,229 

0.53 

8. AFRICA 

10,783 

124,179 

1.62 

138,824 

0.77 

161,779 

0.54 

9. L/D ASIA 

15,321 

1,209,823 

15.75 

2,891,339 

16.00 

4,921,055 

16.36 

10. L/D AMERICA 

8,562 

840,720 

10.95 

1,434,752 

7.94 

2,039,299 

6.78 

H. COMMUNIST EUROPE 

8,143 

136,039 

1.77 

208,734 

1.15 

320,022 

1.06 

12. COMMUNIST ASIA 

12,666 

29,025 

0.38 

56,661 

0.31 

115,500 

0.38 

13. ALL OTHER COUNTRIES 
TOTAL 

9,978 

3,866 

0.05 

9,855 

0,05 

11,449 

0.04 


7,679,382 


18,073,282 


30,071,575 
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TABLE III - 20M. MARAD SEABORNE DATA ANALYSIS 

CONTAINERIZED CARGO - EXPORTS - METRIC TONS 

1975 1990 2000 


REGION 

DISTANCE 

KM 

METRIC 

TONS 

% OF 
TOTAL 

METRIC 

TONS 

% OF 

TOTAL 

METRIC 

TONS 

% OF 
TONS 

1. CANADA 

1,609 

219,451 

2.25 

624,546 

3.20 

998,290 

3.23 

2. OECD EUROPE 

7,178 

3,648,238 

37.43 

7,305,230 

37.48 

11,639,066 

31.62 

3. OTHER FREE EUROPE 

7,242 

36,048 

0.37 

108,839 

0.56 

187,876 

0.61 

4. JAPAN 

10,252 

1,410,649 

14.47 

2,721,899 

13.97 

4,073,104 

0.13 

5. AUSTRALIA 

15,321 

217,657 

2.23 

583,179 

2.99 

992,266 

3.21 

6. NEW ZEALAND 

13,744 

50,027 

0.51 

150,365 

0.77 

262,245 

0.85 

7. MIDDLE EAST 

11,410 

523,762 

5.37 

985,996 

5.06 

1,600,789 

5.17 

8. AFRICA 

10,783 

470,057 

4.82 

746,205 

3.83 

1,145,603 

3.70 

9. L/DASIA 

15,321 

1,143,200 

11.73 

2,280,904 

11.70 

3,636,412 

11.75 

10. L/D AMERICA 

8,562 

1,735,825 

17.79 

3,308,959 

16.98 

5,310,234 

17.16 

IT. COMMUNIST EUROPE 

8, 143 

187,206 

1.92 

423,403 

2.17 

688,051 

2.22 

12. COMMUNIST ASIA 

12,666 

90,634 

0.93 

228,152 

1.17 

377,458 

1.22 

13. ALL OTHER COUNTRIES 

9,978 

16,577 

0.17 

22,871 

0,12 

29,549 

0.10 

TOTAL 


9,747,326 


19,490,548 


30,940,943 



TABLE III - 2lM. MARAD SEABORNE DATA ANALYSIS 


CONTAINERIZED CARGO - IMPORTS & EXPORTS - METRIC TON-KILOMETERS 




1975 

1990 

2000 


DISTANCE 

MT-KM 

% OF 

MT-KM 

% OF 

MT-KM 

% OF 

REGION 

KM 

(MILLIONS) 

TOTAL 

(MILLIONS) 

TOTAL 

(MILLIONS) 

TOTAL 

1 . CANADA 

1,609 

742.811 

0.45 

1,645.783 

0.46 

2,502.038 

0*43 

2. OECD EUROPE 

7,178 

47,945.915 

29.05 

106,575.792 

29.86 

175,534.854 

30. 19 

3. OTHER FREE EUROPE 

7,242 

628.211 

0.38 

1,480*457 

0.41 

2,441.176 

0.42 

4. JAPAN 

10,252 

30,734.866 

18.62 

71,963.080 

20.16 

117,299.328 

20*17 

5. AUSTRALIA 

15,321 

7,520*033 

4.56 

19,476.065 

5.46 

32,941.840 

5.67 

6. NEW ZEALAND ; 

13,744 

2,090.288 

1.27 

4,952*953 

1.39 

7,632.673 

1.31 

7. MIDDLE EAST 

11,410 

6,530.979 

3 .96 

12,397.751 

3.47 

20,093.726 

3.46 

8. AFRICA 

10,783 

6,407.413 

3.88 

9,542.689 

2.67 

14,097.199 

2.42 

9. L/DASIA 

15,321 

36,050.699 

21.84 

79,243.813 

22.20 

131,108.480 

22.55 

10. L/D AMERICA 

8,562 

22,042.413 

13.36 

40,614.338 

11.38 

62,924.606 

10.82 

1 1 . COMMUNIST EUROPE 

8,143 

2,632.329 

1.59 

5,147.700 

1.44 

8,209.005 

1.41 

12. COMMUNIST ASIA 

12,666 

1,515.552 

0.92 

3,607.281 

l.OT 

6,243.691 

1.07 

13. ALL OTHER COUNTRIES 

9,978 

203.884 

0.12 

326.517 

0.09 

409.151 

0.07 

TOTAL 


165,045.39 


356,974.22 


581,437.77 
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table III - 22M. MARAD SEABORNE DATA ANALYSIS 
CONTAINERIZED CARGO - IMPORTS - METRIC TON-KILOMETERS 


REGION 

DISTANCE 

KM 

1975 

MT-KM % OF 

(MILLIONS) TOTAL 

1990 

MT-KM 

(MILLIONS) 

% OF 
TOTAL 

2000 

MT-KM 

(MILLIONS) 

1. CANADA 

1,609 

389.629 

0.53 

640.678 

0.37 

895.454 

2. OECD EUROPE 

7,178 

21,760.058 

29.60 

54,141.189 

30.99 

91,993.457 

3. OTHER FREE EUROPE 

7,242 

367.138 

0.50 

692.275 

0.40 

1,080.607 

4. JAPAN 

10,252 

16,273.544 

22.13 

44,059.597 

25.22 

75,543.915 

5. AUSTRALIA 

15,321 

4,185.373 

5.69 

10,541.203 

6.03 

17,739.352 

NEW ZEALAND 

13,744 

1,402.731 

1.91 

2,886.281 

1.65 

4,028.451 

7. MIDDLE EAST 

11,410 

554.825 

0.75 

1,147.275 

0.66 

1,828.199 

8, AFRICA 

10,783 

1,338.984 

1.82 

1,496.794 

0.86 

1,744.547 

9. L/D ASIA 

15,321 

18,535.677 

25.21 

44,298.093 

25.36 

75,395.225 

10. L/D AMERICA 

8,562 

7,197.976 

9.79 

12,284.013 

7.03 

17,459.900 

11. COMMUNI ST EUROPE 

8,143 

1 ,107.875 

1.51 

1,699.825 

0.97 

2,606.001 

12. COMMUNIST ASIA 

12,666 

367.576 

0.50 

717.630 

0.41 

1,462.939 

13. ALL OTHER COUNTRIES 

9,978 

38.589 

0.05 

98.275 

0.06 

114.243 


TOTAL 




73,519.975 


% OF 
TOTAL 

0.31 

31.52 

0.37 

25.88 

6.08 

1.38 

0.63 

0.60 

25.83 

5.98 

0.89 

0.50 

0.04 


174,703.128 


291,892.290 
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TABLE III - 23M.. MARAD SEABORNE DATA ANALYSIS 
CONTAINERIZED CARGO - EXPORTS - METRIC TON-KILOMETERS 

1975 1990 2000 


REGION 

DISTANCE 

KM 

MT-KM 

(MILLIONS) 

% OF 
TOTAL 

MT-KM 

(MILLIONS) 

% OF 
TOTAL 

MT-KM 

(MILLIONS) 

% OF 
TOTAL 

1, CANADA 

1,609 

353. 182“ 

0.39 

1,005.105“ 

0.55 

1,606.584 

0.55 

2. OECD EUROPE 

7,178 

26,185.856 

28.61 

52,434.603 

28.77 

83,541.404 

28.85 

3. OTHER FREE EUROPE 

7,242 

261.074 

0.29 

788.182 

0.43 

1,360.569 

0.47 

4. JAPAN 

10,252 

14,461.322 

15.80 

27,903.483 

15.31 

41,755.413 

14.42 

5. AUSTRALIA 

15,321 

3,334.660 

3.64 

8,934.861 

4.90 

15,202.489 

5.25 

6. NEW ZEALAND 

13,744 

687.556 

0.75 

2,066.673 

1.13 

3,604.222 

1.24 

7. MIDDLE EAST 

11,410 

5,976.154 

6.53 

11,250.475 

6.17 

18,265.527 

6.31 

8. AFRICA 

10,783 

5,068.428 

5.54 

8,045.894 

4.41 

12,352.652 

4.27 

9. L/DASIA 

15,321 

17,515.022 

19.14 

34,945.720 

19.17 

55,713.261 

19.24 

10. L/D AMERICA 

8,562 

14,844.437 

16.22 

28,330.325 

15.54 

45,464.706 

15.70 

11. COMMUNIST EUROPE 

8,143 

1,524.453 

1 .67 

3,447.875 

1.89 

5,603.004 

1,94 

12. COMMUNIST ASIA 

12,666 

1,147.976 

L25 

2,889.650 

1.59 

4,780.752 

1.65 

13. ALL OTHER COUNTRIES 

9,978 

165.295 

0. 18 

228.242 

0.13 

294.909 

0.10 

TOTAL 


91,525.415 


182,271.080 


289,545.490 
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TABLE 111 - 24M. MARAD SEABORNE DATA ANALYSIS 

TOTAL CARGO - IMPORTS - BY REGIONS 

1975 1990 2000 

TOTAL TOTAL TOTAL 

METRIC PERCENT METRIC PERCENT METRIC PERCENT 

TONS CONTAIN- TONS CONTAIN- TONS CONTAIN- 


REGION 

(THOUS) 

ERIZED 

(THOUS) 

ERIZED 

(THOUS) 

ERIZED 

1. CANADA 

32,434 

0.75 

49,373 

0.81 

58,507 

0.95 

2. OECD EUROPE 

21,742 

13.94 

58,269 

12.95 

93,668 

13.68 

3. OTHER FREE EUROPE 

258 

19.68 

340 

28.10 

489 

30.52 

4. JAPAN 

9,540 

16.64 

17,914 

23.99 

26,789 

27.51 

5. AUSTRALIA 

5,077 

5.38 

10,013 

6.87 

19,638 

5.90 

6. NEW ZEALAND 

209 

48.92 

425 

49.46 

612 

47.87 

7. MIDDLE EAST 

60,287 

0.08 

115,896 

0.09 

131,782 

0.12 

8. AFRICA 

79,601 

0.16 

136,097 

0.10 

153,420 

o.n 

9. L/DASIA 

28,431 

4.26 

48,192 

6.00 

58,167 

8.46 

lOo L/D AMERICA 

146,792 

0.57 

234,892 

0.61 

280,314 

0.73 

11. COMMUNIST EUROPE 

3,583 

3.80 

4,451 

4.69 

6,808 

4.70 

12. COMMUNIST ASIA 

94 

30.76 

161 

35,29 

305 

37.89 

13. ALL OTHER COUNTRIES 

86 

4U9 

293 

3.36 

409 

2.80 


388,134 

1.98 

676,316 

2.6/ 

830,908 

3.62 
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TABLE \i\ -25M. MARAD SEABORNE DATA ANALYSIS 
TOTAL CARGO - EXPORTS - BY REGIONS 

1975 1990 2000 


REGION 

TOTAL 

METRIC 

TONS 

(THOUS) 

PERCENT 

CONTAIN- 

ERIZED 

TOTAL 

METRIC 

TONS 

(THOUS) 

PERCENT 

CONTAIN- 

ERIZED 

TOTAL 

METRIC 

TONS 

(THOUS) 

PERCENT 

CONTAIN- 

ERIZED 

1. CANADA 

30,191 

0.73 

43,112 

1.45 

56,690 

1.76 

2. OECD EUROPE 

74,896 

4.87 

116,527 

6.27 

165,526 

7.03 

3. OTHER FREE EUROPE 

342 

10.54 

1,132 

9.61 

1,705 

11.02 

4. JAPAN 

62,233 

2.27 - 

117,610 

2.31 

181,244 

2.25 

5. AUSTRALIA 

i,465 

14.86 

3,418 

17.06 

5,549 

17.88 

6. NEW ZEALAND 

401 

12.48 

1,213 

12.40 

2,101 

12.48 

7. MIDDLE EAST 

6,974 

7.51 

11,007 

8.96 

16,695 

9.59 

8. AFRICA 

7,372 

6.38 

10,326 

7.23 

14,785 

7.75 

9. L/DASIA 

21,401 

5.34 

31 ,560 

7.23 

44,747 

8.13 

10. L/D AMERICA 

25,985 

6.67 

45,190 

7.32 

69,464 

7.64 

n. COMMUNIST EUROPE 

12,253 

1.53 

28,228 

1.50 

43,612 

1.57 

12. COMMUNIST ASIA 

565 

16.04 

6,877 

3.32 

10,293 

3.67 

13. ALL OTHER COUNTRIES 

107 

15.48 

213 

10.73 

274 

10.79 


244,185 

3.99 

416,413 

4.68 

612,764 

5.05 
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table III - 26M. comparison of airborne and containerized seaborne trade - 1975 DATA 


imports export s, 

AIRBORNE SEABORNE AIRBORNE SEABO'RNE 


REGION 

METRIC 

% OF 

METRIC^ 

% OF 

METRIC 

% OF 

METRIC 

% OF 

TONS 

TOTAL 

TONS 

TOTAL 

TONS 

TOTAL 

TONS 

TOTAL 

1. CANADA 

15,830 

3.28 

242,101 

3.15 

39,916 

6.26 

219,451 

2.25 

2. OECD EUROPE 

183,796 

38.13 

3,031,622 

,39.48 

262,539 

41.18 

3,648,233 

37.43 

3. OTHER FREE EUROPE 

1,860 

0.39 

50,695 

0.66 

1,950 

0.31 

36,048 

0.37 

4. JAPAN 

51,120 

10.60 

1,587,429 

20. 6i^ 

36,197 

5.68 

1,410,649 

14.47 

5. AUSTRALIA 

6. NEW ZEALAND 

3,039 

0.63 

273,185 

102,064 

4.89 

15,604 

2.45 

217,657 

50,027 

2.74 

7. MIDDLE EAST 

3,357 

0.70 

48,634 ’ 

0.63 

40,188 

6.30 

523,762 

5.37 

8. AFRICA 

2,631 

0.55 

124,179 

1.62 

20,140 

3.16 

470,057 

'4.82 

9. L/DASIA 

115,984 

24.06 

1,209,823 

15.75 

34,927 

5.48 

1,143,200 

11.73 

10. L/D AMERICA 

101,695 

21.10 

840,720 

10.95 

181,754 

28.51 

1,733,825 

17.79 

11. COMMUNIST EUROPE 

1,724 

0.36 

136,039 

1.77 

4,128 

0.65 

187,206 

1.92 

12. COMMUNIST ASIA 

454 

0.09 

29,025 

0.38 

136 

0.02 

90,«34 

0.93 

13. ALL OTHER COUNTRIES 

590 

0.12 

3,866 

0.05 


- 

16,577 

0.17 


482,080 

100 

7,679,382 

100 

637,479 

100 

9,747,326 

100 
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TABLE III - 27M. TOP U. S. TRADE PARTNER REGIONS IN 1975 - IMPORTS 

RANKED BY SEABORNE TRADE 




CONTAINERIZED SEABORNE TRADE 

AIRBORNE TRADE 

AIR 



METRIC 

% 

CUM 

METRIC 

% 

CUM 

PENETRATION 

RANK 

REGION 

TONS 

SHARE 

% 

TONS 

SHARE 

;% 

PERCENT 

1 

OECD EUROPE 

3,031,631 

39.48 

39.48 

183,795 

38.13 

38.13 

5.72 

2 

JAPAN 

1 ,587,427 

20.67 

60.15 

51,120 

10.60 

48.73 

3.12 

3 

L/DASIA 

1,209,825 

15.75 

75.90 

115, 9€4 

24.06 

72.79 

8.75 

4 

L/D AMERICA 

840,717 

10.95 

86. 85 

101,695 

21.10 

93.89 

10.79 

5 

AUSTRALIA & 

375,242 

4.89 

91.74 

3,039 

0.63 

94.52 

0.80 


NEW ZEALAND 








6 

CANADA 

242,104 

3.15 

94.89 

15,830 

3.28 

97.80 

6.14 


TOTAL TOP 6 

7,286,946 

94.89 


471,463 

97.80 


6.08 


ALL REGIONS 

7,679,384 

100.00 


482,078 

100.00 


5.91 
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TABLE III - 28M. TOP U. S. TRADE PARTNER REGIONS - EXPORTS 
RANKED BY SEABORNE TRADE 




CONTAINERIZED SEABORNE TRADE 

AIRBORNE TRADE 

AIR 

PENETRATION 
. PERCENT 

RANK 

REGION 

METRIC 

TONS 

% 

SHARE 

CUM 

% 

METRIC 

TONS 

% 

SHARE 

CUM 

% 

V 

OECD EUROPE 

3,648,237 

37.43 

37.43 

262,539 

41.18 

41.18 

6.71 

2 

L/D AMERICA 

1,733,817 

17.79 

55.22 

181,754 

28.51 

69.69 

9.49 

3 

JAPAN 

1,410,651 

14.47 

69.69 

36,197 

5.68 

75.37 

2.50 

4 

L/D ASIA 

1,143,207 

11.73 

81.42 

34,927 

5.48 

80.85 

2.96 

5 

MIDDLE EAST 

523,753 

5.37 

86.79 

40,188 

6.30 

87. 15 

7.13 

6 

AFRICA 

470,056 

4.82 

91.61 

20,140 

3.16 

90.31 

4.11 


TOTAL TOP 6 

8,929,721 

91.61 


575,745 

90.31 


6.06 


ALL REGIONS 

9,747,316 

100.00 


637,479 

100.00 


6.14 


TABLE III-29M. U. S. FOREIGN TRADE VERSUS UNIT VALUE 
AIR AND TOTAL SEABORNE - 1976 IMPORTS 



cUm 

i 

CUM 

AIR + 


POTENTIAL^ ^ 

UNIT 

AIR 

VESSEL 

VESSEL 

AIR + 

AIR 

VALUE 

METRIC 

METRIC 

METRIC 

VESSEL 

PENETRATION 

$Ag 

TONS 

TONS 

TONS 

AIR 

% 

155.5 

4,230 

0 

4 

,230 

1.0 

0.0009 ' 

133.3 

7,200 

0! 

7,200 

1.0 

0.001 

111.1 

8,730 

90i 

: 8,820 

1 1.01 

0.001 

88.8 

9,900 

162 

i 10,062 

i 1.016 

0.002 

66.6 

11,880 

360 

12 

,240 

1.030 

0.002 

44.4 

63,000 

1,080 

64 

,080 

1 1.017 

0.013 

22.2 

105,300 

18,000 

123 

,300 

1.170 

0.026 

20 

135,000 

19,800 

154,800 

1.146 

0.033 

17.7 

157,500 

22,050 

179,550 

1.140 

0.038 

15.5 

157,500 

22,050 

179,550 

1.140 

0.038 

13.3 

283,500 

22,500 

306,000 

1.079 

0.065 

11.1 

310,500 

51,300 

361 

,8do 

1.165 

0.077 

8.8 

378,000 

123,300 

501 

,300 

1.326 

0. 104 

6.6 

414,000 

1,026,000 

1,440 

,000 

3.478 

0.308 

4.4 

450,000 

1,170,000 

1,620 

,000 

3,600 

0.347 

2.2 

522,000 

8,100,000 

8,622,000 

16.517 

1.848 

2.0 

522,000 

8,280,000 

8,802,000 

16.862 

1.887 

1.8 

522,000 

8,370,000 

8,892, 

000 

17.034 

1.906 

1.6 

523,800 

9,810,000 

10,333, 

800 

19.728 

2.216 

1.3 

525,600 

12,150,000 

12,675, 

600 

24.116 

2.718 

1.1 

527,400 

13,050,000 

13,577,400 

25.744 

2.911 

.8 

524,200 

14,580,000 

15,107,200 

28.551 

3.240 

. 6 

531,000 

18,000,000 

18,531, 

000 

34.898 

3.973 

.4 

540,000 

19,620,000 

20,160, 

000 

37.333 

4.323 

.2 

545,400 

39,150,000 

39,695,400 

72.782 

8.513 

0 

545,470 

465,761,520 

466,306, 

990 

854. 872 

100.0 


Grand Total - Vessel 465,761,520 

Air 545,470 


Vessel & Air 466,306,990 

Actual Air Penetration -% .117 

(1) Potential air penetration of total trade if air obtained all vessel -borne traffic 
above given unit value 
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TABLE III-30M- U. S» FOREIGN TRADE VERSUS UNIT VALUE - 
AIR AND CONTAINERIZED SEABORNE -1976 IMPORTS 


1 

UbilT 

CUM 

! CUM 
'CONT'Z'D 

CONT'Z'D 
, AIR + 

CONT'Z'D 

POTENTIAL^^^ 

AIR 

VESSEL 

VESSEL 

AIR + 

AIR 

VALUE 

' METRIC 

METRIC 

METRIC 

VESSEL 

PENETRATION 

$/kg 

TONS 

TONS 

TONS 

AIR 

% 

155.5 

4,230 

0 

4,230 

1.0 

0.0009 

133.3 

7,200 

,0 

7,200 

l.Oi 

0.001 

1 1 1 . 1 

8,730 

13.5 

8^744 

I.OGl 

0.001 

88. 8 

9,900 

31.5 

9,932 

11,976 

1.003 

C.002 

66.6 

1 1,880 

96.3 

i 1.008 

0.002 

44.4 

63,000 

450.0 

63,450 

i 1.007 

0.013 

22.2 

105,300 

14,130 

119,430 

1 1 . 1 k 

0.025 

20.0 

i 135,000 

15,300 

150,300 

1.113 

0. 032 

17.7 

157,500 

16,740 

174,240 

1.106 

0.037 

15.5 

157,500 

17,100 

174,600 

1.108 

0.037 

13.3 

283,500 

17,100 

300,600 

1.060 

0.064 

11.1 1 

i 310,500 

41,400 

351,900 

1.133 

0.015 

8. 8 

378,000 

96,300 

474,300 

1.254 

0. 101 

6.6 

414,000 

792,000 

1,206,000 

2.913 

0.258 

4.4 

450,000 

891,000 

1,341,000 

2.980 

0.287 

2.2 

522,000 

3,420,000 

3,942,000 

7.552 

0. 845 

2.0 

1.8 

1,6 

522,000 

3,528,000 

4,050,000 

7.758 

0.868 

522,000 

3,69o;,o6o 

4,212,000 

8.068 

0.903 

523,800 

4,140,000 

4,663,800 

8.903 

1.000 

1.3 

525,600 

4,860>0p0 ■ 

5,385,600 

10.240 

1.154 

1.1 

527,400 

5,580,000 

6,107,400 

11.580 

1.309 

.8 

524,200 

6,120,000 

6,649,200 

12.564 

1.425 

.6 

531,000 

7,245,000 

7,776,000 

14.644 

1.667 

.4 

540,000 

7,740,000 

8,280,000 

15.333 

1 . 775 

.2 

545,400 

8,820,000 

9,365,400 

17.172 

2.008 

0 

545,470 

9,607,092 

0,152,562 

18.612 

2.177 

INCORPORATING CASE STUDY RESULTS 



.2 

545,400 

493 , 0207 ; 

1,039,320 

1.906 

0.232 

0 

545,470 

537, 998 w 

1,083,468 

1.986 

0.232 


(1) Potential Air Penetration of total trade of Table 111-33 if air obtained all 
containerized vessel-borne traffic above given unit value 

(2) 5.6 percent penetration of containerized seaborne trade from Carrier Case 
Study results 
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TABLE m-31Mc Uc So FOREIGN TRADE VERSUS UNIT VALUE - 
AIR AND TOTAL SEABORNE 1970 EXPORTS 

’ POTENTIAL^^^ 


$/KG 

AIR 

METRIC 

■, 

VESSEL 

METRIC 

AIR + 
VESSEL 
METRIC 

AIR + 
VESSEL 

AIR 

PENETRATION 
OF TOTAL 
EXPORTS 

TONS 

TONS 

TONS 


i AIR 

% 

155.5 

1,620 

0 

1,620 

1 

1.0 

.006 

133.3 

1,890 

0 

1,890 

1.0 

.0007 

111.1 

4,860 

0 

4,860 

1.0 

.001 

88.8 

10,800 

4,680 

15,480 

1.433 

.006 

66.6 

67,500 

5,040 

72,540 

1.074 

.028 

44.4 

151,200 

5,400 

156,600 

1.035 

.061 

22.2 

225,000 

22,500 

24:^,500 

1.100 

.096 

20.0 

243,000 

22,950 

265,950 

lo094 

.104 

17. 7 

288,000 

22,950 

310,950 

1.079 

.121 

15.5 

315,000 

32,850 

347,850 

1.104 

.136 

13.3 

322,200 

68,400 

390,600 

1.212 

.153 

11.1 

324,000 

114,300 

340,300 

1.352 

.171 

8.8 

432,000 

128,700 

560,700 

1.297 

.219 

6.6 

522,000 

666,000 

1,188,000 

1.275 

.465 

4.4 

576,000 

2,115,000 

2,691,000 

9.671 

1.054 

2.2 

612,000 

5,580,000 

6,192,000 

10.117 

2.426 

2.0 

612,000 

5,850,000 

6,462,000 

10.558 ; 

2.532 

1.8 

616,500 

6,030,000 

6,646,500 

10.781 

2.604 

1.6 

621,000 

6,300,000 

6,921,000 

11.144 

2.712 

1.3 

630,000 

7,020,000 

7,650,000 

12.142 

2.998 

1.1 

634,500 

9,000,000 

9,634,500 

15.184 

3.775 

.8 

639,000 

11,970,000 

12,609,000 

19.732 

4.941 

.6 

643,500 

13,230,000 

13,873,500 

21.559 

5„437 

.4 

648,000 

19,800 000 

20,448,000 

31.555 

8.013 

.2 

653,400 

47,200,000 

48,353,400 

74.003 

18.951 

0 653,681 254,501,000! 255,155,400 

Grand Total - Vessel 254,501,000 

Air 653,681 

Vessel & Air 255, 154,681 

Actual Air Penetration -% .24 

390.331 

100.000 


(1) Potential air penetrafion of total trade if air obtained all vessel -borne traffic 
above given unit value. 
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TABLE III-32M. U„ Sc FOREIGN TRADE VERSUS UNIT VALUE - 
AIR AND CONTAINERIZED SEABORNE - 1976 EXPORTS 

AIR + 


UNIT 

AIR 

CONT'Z'D 

VESSEL 

CONT'Z'D 

VESSEL 

AIRiF 

POTENTIAL^ ^ 

VALUE 

METRIC 

METRIC 


METRIC 

VESSEL 

! AIR i 

$/KGo 

! 

TONS 

TONS 


TONS 

AIR 

i 

PENETRATION 

155.5: 

: 1,620 

0 


1,620 

1.000 

.0006 

133.3 

1/890 

0 


1,8k) 

|1.000 

.0007 

111.1 

4,8^0 , 

^ 0 


4,860 

1.000 

.001 

8^3 

10,800 : 

3,870 


14,670 

1,358 

.005 

66.6 

67,500 

3,960 


71,460 

1.058 

.028 

44.4 

15T,200 

4,140 


155,340 

1.027 

.060 

22.2 

225,000 

8/640 


233,640 

1.038 

.091 

20.0 

243,000 

8,820 


251,820 

1.036 

.098 

17.7, 

288,000 

9,000 


297,000 

1.031 

. 1 16 

15.5 

315,000 

13,770 


328,770 

1.043 

.128 

13.3 

322,200 

31,950 


354,150 

1.099 

.138 

11.1 

324,000 : 

55,800 


379,800 

1.172 

.148 

8.8 

432,000 

63,000 


495/000 

1.145 

. 1 93 

6.6 

522,000 

270,000 


792,000 

1.517 

.310 

4.4 

576,000 

738,000 


1,314,000 

2.281 

.514 

2.2 

612,000 

1,125,000 

2,637,000 

4.308 

1.033 

2.0 

612,000 

2,160,000 


2,772,000 

4.529 

1.086 

1.8 

614,500 

2,250,000 


2,866,500 

4.649 

1.123 

1.6 

621,000 

2,3:13,000 


2,934,000 

4.724 

1.149 

1.3 

630,000 

2,340/000 


2,970,000 

4.714 

1.163 

l.I 

634,500 

3,195,000 


3,829,500 

6.035 

1.500 

.8 

639,000 

4,140,000 

4,779,000 

7.478 

1.872 

.6 

643,500 

4,770,000 

5,413,500 

8.412 

2.121 

.4 

648,000 

5,850,000 

6,498,000 

10.027 

2.546 

.2 

653,500 

8,100,000 

8,753,400 

13.397 

3.431 

0 

653,800 

10,407,000 

11 

,061,000 

16.921 

4.335 


INCORPORATING CASE STUDY RESULTS 

.22 653,400 453,600.^^} 1/107,000 1.694 0.434 

0 653,682 582,80P^^ 1,236,489 1.892 0.485 

(1) PotenHal Air Penetration of total trade of Table 111-35 if air obtained all 
containerized vessel-borne traffic above given unit value. 

(2) 5. 6 percent penetration of containerized seaborne trade from Carrier 
Case Study results 


TABLE III-47M. SUMMARY GOMPARiSONS OF OECD DATA ANALYSES 


OECD/DOC/MARAD COMPARISON - SEABORNE CON TAINERI ZABLE 



1973 

1974 

1975 

1980 

1985 

1990 

1995 

2000 




METRIC TONS (MILLIONS) 



IMPORTS 









OECD (U. S. ONLY) 

93.0 

80.2 

64.3 

88.6 

102.6 

119.5 

137.3 

155.8 

DOC 

N.A. 

61.0 

N.A. 

68.0 

75.9 

85.2 

96.2 

109.3 

MARAD 

62.5 

61.1 

51.1 

73.7 

91.1 

95.2 

130.4 

165.2 

EXPORTS 









OECD (U. S. ONLY) 

107.4 

93.8 

76.7 

109.1 

126.3 

144.4 

162.9 

181.8 

DOC 

N.A. 

100.2 

N.A. 

125.5 

153.5 

188.2 

231.4 

286.2 

MARAD 

99.5 

100.2 

94.7 

125.9 

159.5 

197.0 

249.7 

318.9 

IMPORTS & EXPORTS 









OECD (U. S. ONLY) 

200.4 

174.0 

141.1 

197.9 

228.9 

263.9 

300.2 

337.7 

DOC 

N.A. 

161.1 

N.A. 

193.5 

229.5 

273.3 

327.6 

395.4 

MARAD 

162.0 

161.3 

145.8 

199.6 

250.3 

302.0 

379.9 

484.1 
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TABLE III -48M. SUMMARY COMPARISONS OF OECD DATA ANALYSES 


OECD/DOC/MARAD COMPARISON - SEABORNE CONTAINERIZED 



1973 

1974 

1975 

1980 

1985 

1990 

1995 

2000 




METRIC TONS (MILLIONS) 



IMPORTS 









OECD (U. S. ONLY) 

23.0 

15.0 

12.1 

15.0 

16.9 

19.6 

22.5 

25.5 

DOC 

N.A. 

9.2 

N.A. 

11.8 

14.6 

18.3 

23.0 

29.3 

MARAD 

9.3 

9.0 

7.7 

11.7 

14.8 

18.1 

23.1 

30.0 

EXPORTS 









OECD (U. S. ONLY) 

16.4 

11.7 

9.3 

13.2 

15.2 

17.4 

19.6 

22.0 

DOC 

N.A. 

10.8 

N.A. 

13.2 

J 6-1 

19.8 

24.6 

31.2 

MARAD 

9.7 

10.4 

9.7 

12.9 

16.0 

19.5 

24.4 

30.9 

IMPORTS & EXPORTS 









OECD (U. S. ONLY) 

39.5 

26.6 

21.4 

28.2 

32.0 

37.0 

42.1 

47.4 

DOC 

N.A. 

20.0 

N.A. 

25.0 

30.8 

38.1 

47.6 

60.6 

MARAD 

19.0 

19.5 

17.4 

24.7 

30.8 

37.6 

47.5 

61.1 







■ T--- 
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TABLE III -49M. SUMMARY COMPARISONS OF OECD DATA ANALYSES 

OECD/DOC COMPARISON - CONVENTIONAL AIRBORNE 

1973 1974 1975 1980 1985 1990 1995 

METRIC TONS (THOUSANDS) 

IMPORTS 

OECD (U. S. ONLY) 1269.2 805.9 655.3 961.5 1227.1 1542.4 1839*5 

DOC N.A. 479.7 N.A. 830.8 1179.8 1574.4 2012.0 

EXPORTS 

OECD (U. S. ONLY) 1150.3 1043.1 619.2 951.5 1175.7 1419.7 1673.5 

DOC N.A. 705.5 N.A. 925.9 1242.5 1596.3 1996.6 


IMPORTS & EXPORTS 

OECD (U. S. ONLY) 2419.5 1848.9 1274.4 1912.9 2402.8 2962.0 3513.0 

DOC N.A. 640.0 N.A. 1756.7 2422.3 3170,7 4008.7 


2000 

2116.6 

2490.8 

1944.2 
2459.5 

4060.8 

4950.2 
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TABLE HI-53M, U. S, - WORLD RELATIONSHIP SUMMARY FROM OECD DATA ANALYSES 
SEABORNE-CON TAINERI ZABLE 



1973 

1974 

1975 

1980 

1985 

1990 

1995 

2000 




METRIC TONS- (MILLIONS) AND PERCENT 



IMPORTS 









U, S. ONLY 

93.0 

80.2 

64.3 

88.6 

102.6 

119.5 

137.3 

155.8 

WORLD TOTAL 

209.6 

186.5 

134.6 

176o9 

197.0 

224.8 

255.2 

286.6 

Uc So - PERCENT , 

44.4 

43.0 

47.8 

50.1 

52.1 

53. 1 

53.8 

54.4 

EXPORTS 









Uo S. ONLY 

107.4 

93.6 

76.7 

109.1 

126.3 

144.4 

162.9 

181.8 

WORLD TOTAL 

212.9 

202.0 

180.8 

217.2 

246.9 

280.0 

315.2 

352.7 

U. S. - PERCENT 

50.4 

46.3 

42.4 

50.3 

51.1 

51.6 

51.7 

51.5 

IMPORTS & EXPORTS 









U. S, ONLY 

200.4 

173.7 

141.1 

197.9 

228.9 

263.9 

300.2 

337.7 

WORLD TOTAL 

422.5 

388.5 

315.4 

394.1 

444.0 

504.8 

570.4 

638.6 

UoS. -PERCENT 

47.4 

44.7 

44.7 

50.2 

51.6 

52.3 

52.6 

52.9 
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table III-54M. U. S. - WORLD RELATIONSHIP SUMMARY FROM OECD DATA ANALYSIS 


SEABORNE - CONTAINERIZED 



1973 

1974 

1975 

IMPORTS 



METRIC 

U. S. ONLY 

23.0 

15.0 

12.1 

WORLD TOTAL 

39.0 

28.8 

21.0 

U. S. - PERCENT 

59.1 

51.9 

57.3 


EXPORTS 


1980 

1985 

1990 

1995 

2000 

TONS (MILLIONS) AND-PERCENT 



15.0 

16.9 

19.6 

22.5 

22.5 

26.6 

29.6 

34.2 

39.4 

44.7 

56.3 

'57. 1 

57.3 

57.1 

57.0 


U. S. ONLY 

16.4 

11.6 

9.3 

WORLD TOTAL 

42.8 

28.8 

25.9 

U. S. - PERCENT 

38.3 

40.3 

36.0 


13.2 

15.2 

17.4 

19.6 

22.0 

34.4 

33.7 

43.7 

49.1 

54.7 

38.5 

39.3 

39.8 

39.9 

40.1 


IMPORTS & EXPORTS 


U. S. ONLY 

39.5 

26.6 

21.4 

28.2 

32.0 

37.0 

42.1 

47.4 

WORLD TOTAL 

81.8 

57.7 

47.0 

61.0 

68.3 

78.0 

88.5 

99.5 

U. S. - PERCENT 

48.2 

46.1 

45.6 

46.3 

46.9 

47.4 

47.5 

47.7 
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TABLE III-55M. U. S. - WORLD RELATIONSHIP SUMMARY FROM OECD DATA ANALYSES 


CON VENTI ON AL A1 RBORN E 

1973 

IMPORTS 

U, S. ONLY 1269,2 

WORLD TOTAL 2164.3 

U. S. - PERCENT 58.6 


1975 1980 1985 1990 1995 

METRIC TONS (THOUSANDS) AND PERCENT 


1974 


805.9 

1810,0 

44.5 


655.3 

1190.3 

55.0 


961.5 

1771.9 

54.3 


1227.1 

2216.6 

55.4 


1542.4 

2740.7 

56.3 


1839.5 

3250.8 

56.6 


2000 


2116.6 

3718.1 

56.9 


EXPORTS 

U. S. ONLY 1150.3 1043.1 

WORLD TOTAL 2746.0 2217.5 

U. S. - PERCENT 41.9 47.0 


619.2 

951.5 

1175.7 

1419.7 

1673.5 

1944.3 

1600.6 

2520.2 

3101.6 

3678.3 

4239.9 

4789.8 

38,7 

37.8 

37.9 

38.6 

39.5 

40.6 


IMPORTS & EXPORTS 

U. S. ONLY 2419.5 1848.9 

WORLD TOTAL 4910.3 4027.5 

U. S. - PERCENT 49.3 45.9 


1274.4 

1912.9 

2402.8 

2962.0 

3513.0 

4060.8 

2791.0 

4292.2 

5318.2 

6419.0 

7490.8 

8507.9 

45.7 

44.6 

45.2 

46.1 

46.9 

47.7 





APPENDIX III-D 

U.S. SEABORNE TRADE LONG-TERM 
FORECAST: CONTAINERI ZABLE CARGO 


A3D 


Lontainerizabie Commodities Analysis 

Z^pendix contains Tables 29 and 30 from Supplement A. Supplement A 
IS bound set«rately and my be obtained iron ®SA, liS^ley. Suwlenint Toon- 
fcremS foj Administration's U.S. Seaborne Trade long-tem 
le^l! ^ ^ ^ ^ seaborne tonnage of all commodities at the three digit 


r obtained from the Maritime Administration of thpir- 

'n presented in Supplement A Tables 1 and 2 for U S 

“’f respectively, and in Tables 3 through 28 for 1i 

Usted “ supplaaent in Supplanent A are 


Table No. 
1 


List of Tables Contained in Supplement A 
Title 

U.S. Wbrld Imports 


2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 


13 

14 

15 

16 


U.S. World Exports 
Region 01 - Canada - Imports 
Region 01 - Canada - Exports 
Region 02 - OECD Europe - Imports 
Region 02 - OECD Europe - Exports 
Region 03 - Other Free Europe - Imports 
Region 03 — Other Free Europe — Exports 
Region 04 - Japan - Imports 
Region 04 - Japan - Exports 
Region 05 - Australia - Imports 
Region 05 - Australia - Exports 
Region 06 - New Zealand - Imports 
Region 06 - New Zealand - Exports 
Region 07 - Middle East - Imports 
Region 07 - Middle East - Exports 


Table No. 


17 


Title 

Region 08 - Africa - Imports 


Itegion 08 - Africa - Exports 
Region 09 - Less Developed Asia - In?»rts 

I . 

Itegion 09 - Less Developed Asia - Exports 
Region 10 - Less Developed America - Iirports 
I^ion 10 - Less Developed America - Exports 
Region 11 - Conmunist .urope - Inports 
I^ion 11 - Communist Europe - Exports 
Region 12 - Conmunist Asia - Inports 
Region 12 - Communist Asia - Exports 
Region 13 - All Other Countries - Imports 
I^ion 13 - All Other Countries - Exports 
Rate of Containerization - Inports 
Rate of Containerization - Exports 

The original MarAd forecast was arranged _ in numerical order of the 
ccmmodity Standard International Trade Classification code number. The 
commodities have been regrouped based on a MarAd study - "Preliminary Assess- 
nent of Cargo Containerization in U.S. Oceanborne Foreign Trade." This 
analysis of 1974 levels of containerization defines commc^ities as bulk or con- 
tainerized. Bulk commodities’ are either dry bulk or liquid bulk, and at the 
3-digit level had zero containerization. The containerized conmodities are 
divided into levels of containerization as follows: 0 to 5 percent, 5 to 20 

percent, 20 to 40 percent, 40 to 60 percent, and 60 to 100 percent. These 
levels of containerization by commodity are presented in Tables 29 and 30 for 
import and exports, respectively. The data presented in this Appendix and 
Supplement A are the basic MarAd Long-Term World Forecasts at the 3-digit 
level rearranged according to the bulk/containerization divisions, and thus 
represent the containerizable tonnage. Supplement B, described in Appendix 
III-E, presents the containerized tonnages. The containerized tonnages are 
obtained by multiplying the containerizable tonnage by the mean of the 
respective range of containerization. 


18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 
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TABLE 29-1. RATE OF CONTAINERIZATION — 3-DIGIT CENSUS SCHEDULE A & B 
SCHEDULE A IMPORTS 


Code 

001 

on 

012 

013 

022 

023 

024 

025 

031 

032 

041 

042 

043 

044 

045 
048 

051 

052 

053 

054 

055 
061 
062 

071 

072 

073 

074 

075 
081 
091 
099 
111 
112 
121 
122 


Commodity Description ^ 

Livel Animals I 
Meat, Fresh, Chilled or Frozen 
Porkj, Drd, Sltd, Smoked 
Meats in Conidmers, N.E.S. 

Milk and Cream 

But. & Cream over 45% B. Fat 

Cheese and Curd 

Eggs, Birds, Albumen & Yolk 

Fish, Fresh, or Simply Preserved 

Fish, Airtight Cont. , N.E.C. 

Wheat, Unmilled 

Rice Including Patna 

Barley, Unmilled 

Com or Maize, Unmilled 

Cereals, Unmilled, N.E.S. 

Cereal and Flour Preparations 

Fruits, Fresh 

Fruits, Dried 

Nuts & Fruits, N.E.S. 

Vegetables, Fresh, Chio, Frzn. 

Vegetables, Preserved N.E.S. 

Sugar, Syrups, Molasses, Honey 

Sugar, Confectionery 

Coffee 

Cocoa 

Chocolate 

Tea & Ma te 

Spices 

Feeding-Stuff for Animals 
Lard and Butter Substitutes 
Food Preparations^ N.E.C. 
Nonalcoholic Beverages, N.E.C 
Alcoholic Beverages 
Tobacco, Unmanufactured 
Tobacco, Manufactures 


Percent Containerized 

Liquid & 0- 5- 20- 40- 

Dry Bulk 5% 20% 40% 60% 


X 

X 

X 


X 

X 

X 



X 

X 

X 

X 

X 

X 

X 

X 



60- 

100 % 

X 


X 

X 

X 


X 


X 

X 


X 


X 






X 


X X X X 
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TABLE 29-2. RATE OF CONTAINERIZATION - 3-DIGIT CENSUS SCHEDULE A & B 

SCHEDULE A IMPORTS J Percent Containeri^ — 

Liquid & 0- 5- 20- 40- 60- 


Code Commodity Description 

211 Hides & Skins, Undressed 

212 Fur Skins, Undressed 

221 Oil Seeds, Oil Nuts, Kernels 

231 Rubber Crude 

241 Fuel Wood, Charcoal, and Waste 

242 Wood, In the Rough 

243 Wood, Shaped or Simply Worked 

244 Cork, Natural, Raw and Waste 

251 Pulps and Waste Paper 

261 Silk, Raw 

262 Wool and Other Animal Hair 

263 Cotton 

264 Jute 

265 Fibers, Vegetable N.E, S. 

266 Man Made Fibers 

267 Waste from Textile Fabrics 

271 Fertilizers, Crude 

273 Stone, Sand, and Gravel 

274 Sulphur and Crude Iron Pyrites 

275 Natural Abrasives, Inc. Diamon 

276 Cmde Minerals N.E. S. 

281 Iron Ore and Concentrates 

282 Iron and Steel Scrap 

283 Ores, Concentrates Nonferrous 

284 Nonferrous Metal Scrap 

285 Platinum 

286 Thorium Ores and Concentrates 

291 Animal Materials, NES, Crude 

292 Vegetable Materials NES, Crude 

321 Coal , Coke and Briquets 

331 Petroleum, Crude 

332 Petroleum, Products > 

341 Gas, Natural & Manufactured 

411 Animal Oils and Fats N. E.S. 

421 Fixed Vegetable Oils, Soft 

422 Fixed Vegetable Oils, N.E. C. 

431 Fatty Acids, Waxes, Fats, Oils 


Dry Bulk 5% 20% 40% 60% 100% 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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TABLE 29-3. RATE OF CONTAINERIZATION - 3-DIGIT CENSUS SCHEDULE A&B 
SCHEDULE A IMPORTS 

rercent Con fai neri zed 


Code 

Commodi fy Descripfion 

512 

Organic Chemicals 

513 

Inorganic Chemical Elemenfs 

514 

Inorganic Chem. Except Elements 

515 

Radioactive -Stable Isotopes 

521 

Mineral Tar and Tar Oils 

531 

Synthetic Organic Dyestuffs 

532 

Dyeing and Tanning Extracts 

533 

Pigments, Paints, Varnish 

541 

Medic and Pharmac. Products 

551 

Essential Oils, Perfume 

553 

Perfumes, Cosmetics, Dentifric 

554 

Soaps and Polishing Preps i 

561 

Fertilizers, Manufactured ^ 

571 

Explosives & Pyrotechnic Pro. 

581 

Plastic Materials, Syn. Resins 

599 

Chem. Prods &Mtls. N.E.C. 

611 

Leather 

612 

Manufactures of Leather N.E.C. j 

613 

Fur Skins, Dressed 

629 

Rubber, Mfgrs. Finished NEC 

631 

Wood Veneers, Plywood Boards 

632 

Wood Manufactures, N.E.C. 

633 

Cork Manufac'hjres 

641 

Paper and Paperboard 

642 

Articles & Paper Pulp, Paper 

651 

Textile Yarn and Thread 

652 

Cotton Fabrics, Woven 

653 

Textile Fabrics, Woven 

654 

Tulle, Lace, Embroidery, Etc. 

655 

Special Textile Fabrics, IncI 

656 

Made-up Articles, Textile, jN.E.C 

657 

Floor Covering, Tapestries ^tc* 

661 

Building Material/ Lime, Cement 

662 

Clay and Ref. Constru Material 

663 

Mineral Manufactures, N.E.C. 

664 

Glass 

665 

Glassware 


Liquid & 0- 5 - 

Drv Bulk 5% 20% 

X 

X 





20- 40- 60- 

40% 60% 1QQ% 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



X 

X 




X 

X 

X 
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TABLE 29-4. RATE OF CONTAINERIZATION 

- 3-DIGIT CENSUS SCHEDULE A&B 

SCHEDULE A IMPORTS 

Percent Containerized 



i i 

Liquid & 0- 

5- 

20- 

40- 

60- 

Code 

Commodity Description 

Dry Bulk 5% 

20% 

40% 

60% 

100% 

666 

Pottery 





X 

667 

Precious, Semi-Precious Stones 


X 




661 

Pig Iron 

X 





672 

Iron or Steel Primary Forms 

X 





673 

Iron or Steel Bars 

X 





674 

Iron or Steel Plates & Sheets 

X 





675 

Hoop & Strip of Iron or Steel 



X 



676 

Rails or Railway Track Material 

X 





677 

Iron or Steel Wire, Excl. 



X 



678 

Iron or Steel Tubes, Fittings 


X 




679 

Iron or Steel Castings, Forging 




X 


681 

Silver and Platinum 


X 




682 

Copper & Copper Alloy 


X 




683 

Nickel & Nickel Alloys Etc. 




X 


684 

Aluminum & Aluminum Alloys 



X 



685 

Lead & Lead Alloys 


X 




686 

Zinc & Zinc Alloys 


X 




687 

Tin & Tin Alloys 


X 




688 

Uranium & Thorium Metal 





X 

689 

Non Ferrous Base Metal N.E;C. 



X 



691 

Fin. Structural Metal Parts NEC 



X 



692 

Metal Containers for Storage 



X 



693 

Wire Pro. Non Electric Fencing 



X 



694 

Nails, Screw, Nuts, Bolts, Etc. 



X 



695 

Hand and Machine Tools 




X 


696 

Table Flatware and Cutlery i 





X 

697 

Household Equip, of Base Metal i 





X 

698 

Manufactures of Metal, N. E. C. 




X 


711 

Power Generating Machinery “ 





X 

712 

Agricultural Machinery, Etc. 



X 



714 

Office Machines and Parts 





X 

715 

Metalworking Machinery & Parts 




X 


717 

Textile & Leather Machinery 





X 

718 

Mach, for Spec Industr. 




X 


719 

Mach. & Appliance N.E.C. 




X 


722 

Electric Power Machinery 





X 

723 

Equip, for Distributing Elec. 




X 
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TABLE 29-5. RATE OF CONTAINERIZATION - 3-DIGIT CENSUS SCHEDULE A&B 
SCHEDULE A IMPORTS Percenf- Containerized 


i Liquid & 0- 5- 20- 40- 60- 

Code Commodity Description Dry Bulk 5% 20% 40% 60% 100% 


724 Telecommunications Apparatus 

725 Electric Refrigerators 

726 Electric Apparatus, Medical 

729 Electrical MacKineiy N.E.S. 

731 Railway Vehicles and Parts 

732 Road Motor Vehicles and Parts 

733 Vehicles Other Than Road Mtr 

734 Aircraft & Spacecraft 

735 Ships, Boats, Floating Struct. 

812 Plumb. Heating, Equip Li ghtfix 

821 Furniture 

831 Travel Goods, Handbags, Etc. 

841 Clothing, Etc. Not Fur 

842 Fur Clothing IncI . 

851 Footwear 

861 Scientific, Med. Apparat. N.E.C 

862 Photographic Supplies,; IncI. 

863 Motionpicture, Photofilm N.E.C. 

864 Watches & Clocks Parts IncI . 

891 Sound Recorders and Parts 

892 Printed Matter 

893 Plastic Manufactures, N.E.C. 

894 Baby Carriages, Toys, Games 

895 Office & Stationery Supplies 

896 Works of Art, Antiques 

897 Jewelry and Related Articles 

899 Manufactured Articles, N.E. C. 

931 Spec. Transactions Not Class. 

941 Animals - Live - N. E.C. IncI 

951 Armored Fighting Vehicles, Arms 

999 All Other Commodities 



X 

X 






XXXXXXXXXXXXXXXX X xxxx 
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TABLE 30-1. RATE OF CONTAINERIZATION 
SCHEDULE B EXPORTS 

— 3-DIGIT CENSUS SCHEDULE A & B 
Percent Containerized 

Code 

Commodity Description 

Liquid & 
Dry Bulk 

0- 

5% 

5- 

20% 

20- 

40% 

40- 60- 
60% 100% 

001 

Live Animals 



X 



on 

Meat/ Fresh, Chilled or Frozen 





X 

012 

Meat, Dried, Sited, or Smoked 




X 


013 

Meat in Cont, N.E.S. 




X 


022 

Milk and Cream 





X 

023 

Butter and Anhydrous Milk Fqt 





X 

024 

Cheese and Curd ! 





X 

025 

Eggs/Birds, Excl. Egg Album. 





X 

031 

Fish, Fresh or Simply Preserved 





X 

032 

Fish, Airtight Cont. , N.E.C. 





X 

041 

Wheat, Unmilled 

X 





042 

Rice 


X 




043 

Barley, Unmilled 

X 





044 

Corn or Maize, Unmilled 

X 





045 

Cereals, Unmilled, N.E.S. 

X 





046 

Wheat Flour, Meal, and Groats 

X 





047 

Cereal Flour, Meal and Groats 

X 





048 

Cereal and Flour Preparations 



X 



051 

Fruits, Fresh 




X 


052 

Fruits, Dried 





X 

053 

Nuts & Fruits, N.E.S. 





X 

054 

Vegetables, Fresh, Chid, Frzn. 





X 

055 

Vegetables, Preserved N.E.S. 





X 

061 

Sugar, Syrups, Molasses, Honey 



X 



062 

Sugar, Confectionery 





X 

071 

Coffee 



X 



072 

Cocoa 




X 


073 

Chocolate 





X 

074 

Tea and Mate 





X 

075 

Spices 




X 


081 

Feeding-Stuff for Animals 


X 




091 

Margarine and Edible Fats 



X 



099 

Food Preparations, N.E.C. 




X 


111 

Nonalcoholic Beverages, N.E.Co 





X 

112 

Alcoholic Beverages 





X 

121 

Tobacco, Unmanufactured 





X 

122 

Tobacco Manufactures 




X 
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TABLE 30-2. RATE OF CONTAINERIZATION 

SCHEDULE B EXPORTS 

Code Commodity Description 

~ 3-DIGIT CENSUS SCHEDULE A & B 

Percent Containerized 
Liquid & 0- 5- 20- 40- 60- 

Dry Bulk 5% 20% 40% 60% 100% 

211 

Hides & Skins, Undressed 





X 

212 

Fur Skins, Undressed 





X 

221 

Oil Seeds, Oil Nuts, Kernels 


X 




231 

Rubber Crude ' 




X 


241 

Fuel Wood, Charcoal, and Waste 


X 




242 

Wood, In the Rough 


X 




243 

Wood, Shaped or Simply Worked 


X 




244 

Cork, Natural, Raw and Waste 





X 

251 

Pulps and Waste Paper 




X 


261 

Silk, Raw 





X 

262 

Wool and Other Animal Hair 





X 

263 

Cotton 




X 


264 

Jute 




X 


265 

Fibers, Vegetable N.E.S. 





X 

266 

Man Made Fibers 





X 

267 

Waste From Textile Fabrics 





X 

271 

Fertilizers, Crude 

X 





273 

Stone, Sand, and Gravel 

X 





274 

Sulphur and Crude Iron Pyrites 

X 





275 

Natural Abrasives, Inc. Diamond 





X 

276 

Crude Minerals N.E.S. 



X 



281 

Iron Ore and Concentrates 

X 





282 

Iron and Steel Scrap 


X 




283 

Ores, Concentrates Nonferrous 






284 

Nonferrous Metal Scrap 





X 

285 

Platinum 





X 

286 

Uranium, Thorium Ores & Cons. 


X 




291 

Animal Materioo, NES, Crude 





X 

292 

Vegetable Materials NES, Crude 




X 


321 

Coal , Coke and Briquets 

X 





331 

Petroleum, Crude 

X 





332 

Petroleum, Products 



X 



341 

Gas, Natural & Manufactured ! 

X 





411 

Animal Oils and Fats N.E.S. 


X 




421 

Fixed Vegetable Oils, Soft 


X 




422 

Fixed Vegetable Oils, N.E.C. 



X 



431 

Fatty Acids, Waxes, Fats, Oils 




X 
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TABLE 30-3. PATE OF CONTAINERIZATION — 3-DIGIT CENSUS SCHEDULE A & B 


SCHEDULE B EXPORTS 


Code Commodity Description 

512 Organic Chemicals 

513 Inorganic Chemical Elements 

514 Inorganic Chem. Except Elements 

515 Radioactive & Stable Isotopes 

521 Mineral Tar and Tar Oils 

531 Synthetic Organic Dyestuffs 

532 Dyeing and Tanning Extracts 

533 Pigments, Paints, Varnish 

541 Medic and Pharmac. Products 

551 Essential Oils, Perfume 

553 Perfumes, Cosmetics, Dentrifrices 

554 Soaps and Polishing Preps 

561 Fertilizers, Manufactured 

571 Explosives & Pyrotechnic Pro. 

581 Plastic Materials, Syn. Resins 

599 Chem. Prods. & Mtls. N.E.C. 

611 Leather 

612 Manufactures of Leather N.E.C. 

613 Fur Skins, Dressed 

621 Rubber Manufactures, Unvulcaniz 

629 Rubber, Mfgrs. Finished NEC 

631 Wood Veneers, Plywood Boards 

632 Wood Manufactures, NEC 

633 Cork Manufactures 

641 Paper and Paperboard 

642 Articles & Paper Pulp, Paper 

651 Textile Yarn and Thread 

652 Cotton Fabrics, Woven 

653 Textile Fabrics, Woven 

654 Tulle, Lace, Embroidery, Etc. 

655 Special Textile Fabrics, IncI 

656 Made-Up Articles, Textile, NEC 

657 Floor Covering, Tapestries Etc. 

661 Building Material, Lime, Cement 

662 Clay and Ref. Constru Material 

663 Mineral Manufactures, N.E.C. 

664 Glass 


Liquid & 
Dry Bulk 



Perceni Containerize d 

0- 5- 20- 40- 60- 

5% 20% 40% 60% 100% 



X 

X 

X 


X 

X 


X 

X 

X 

X 

X 

X 


X 

X 

X 

X 


X 


X 


X 

X 

X 



X 

X 


X 

X 
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TABLE 30-4. RATE OF CONTAINERIZATION — 3-DIGlT CENSUS SCHEDULE A & B 

SCHEDULE B EXPORTS Percenf Containerized 

Liquid & 0- 5- 20- 40- 60- 


Code 

Commodity Description 

Dry Bulk 5% 

20% 

40% 

60% 

665 

Glassware 





666 

Pottery 



X 


667 

Precious, Semi-Precious Stones 




X 

671 

Pig Iron 


X 



672 

Iron or Steel Primary Forms 

X 




673 

Iron or Steel Bars 

X 




674 

Iron or Steel Plates & Sheets 


X 



675 

Hoop & Strip of Iron or Steel 


X 



676 

Rails or Railway Track Material 

X 




677 

Iron or Steel Wire, Excl. 



X 


678 

Iron or Steel Tubes, Fittings 

X 




679 

Iron or Steel Castings, Forging 



X 


681 

Si Iver and Platinum 



X 


682 

Copper & Copper Alloy 



X 


683 

Nickel & Nickel Alloys Etc. 




X 

684 

Aluminum & Aluminum Alloys 




X 

685 

Lead & Lead Alloys 



X 


686 

Zinc & Zinc Alloys 


X 



687 

Tin & Tin Alloys 




X 

688 

Uranium & Thorium Metal 

X 




689 

Non Ferrous Base Metal N.E.C. 



X 


691 

Fin. Structural Metal Parts NE 


X 



692 

Metal Containers for Storage 



X 


693 

Wire Pro. Non Electric Fencing 


X 



694 

Nails, Screw, Nuts, Bolts, Etc. 



X 


695 

Hand and Machine Tools 



X 


696 

Table Flatware and Cutlery 




X 

697 

Household Equip, of Base Metal 




X 

698 

Manufactures of Metal, NEC 



X 


711 

Power Generating Machinery 



X 


712 

Agricultural Machinery, Etc. 



X 


714 

Office Machines and Parts 




X 

715 

Metalworking Machinery & Parts 



X 


717 

Textile & Leather Machinery 




X 

718 

Mach, for Spec Industr. 



X 


719 

Mach. & Appliance N.E.C. 



X 


in 

Electric Power Machinery 



X 
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TABLE 30-5. RATE OF CONTAINERIZATION ~ 3-DlGiT CENSUS SCHEDULE A & B 


SCHEDULE B EXPORTS Percent Containerized 


Code 

Commodity Description 

Liquid & 
Dry Bulk 

0- 

5% 

5- 

20% 

20- 

40% 

40- 

60% 

60- 

100% 

723 

Equip, for Distributing Elec. 




X 



724 

Telecommunications Apparatus 





X 


725 

Electric Refrigerators ^ 





X 


726 

Electric Apparatus, Medical 



X 




729 

Electrical Machinery N.E.S. 




X 



731 

Railway Vehicles and Parts 



X 




732 

Road Motor Vehicles and Parts 




X 



733 

Vehicles Other Than Road Mtr 





X 


734 

Aircraft and Spacecraft 




X 



735 

Ships, Boats, Floating Struct 



X 




812 

Plumb. Heating, Equip Lightfix 





X 


821 

Furniture 





X 


831 

Travel Goods, Handbags, Etc. 





X 


841 

Clothing, Etc. Not Fur 





X 


842 

Fur Clothing IncI . 






X 

851 

Footwear 





X 


861 

Scientific, Med. Apparqt. N.E.C. 





X 


862 

Photographic Supplies, Inc. 






X 

863 

Motionpicture, Photofilm N.E.C. 




X 



864 

Watches & Clocks Parts IncI. 






X 

891 

Sound Recorders and Parts 






X 

892 

Printed Matter 





X 


893 

Plastic Manufactures, N.E.C. 





X 


894 

Baby Carriages, Toys, Games 





X 


895 

Office & Stationery Supplies 





X 


896 

Works of Art, Antiques 






X 

897 

Jewelry and Related Articles 




X 



899 

Manufactured Articles, N.E.C_, 





X 


931 

Spec. Transactions not Class. 



X 




941 

Animals. Live. N.E.C. IncI 






X 

951 

Armored Fighting Vehicles, Arms 






X 

952 

Military Apparel and Footwear 






X 

961 

Coin, Other than Gold 


X 





999 

Alt Other Commodities 



X 
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APPENDIX III-E 


U.S. SEABORNE TRADE LONG-TERM 
FORECAST: CONTAINERIZED CARGO 


is bound 


Containerized Commodities Analysis 

This appendix describes the contents of Supplement B, which 
separately and may be obtained frcm NASA, Langley. 

The containerized tonnages in Supplement B are based on the container!- 
zable tonnages of Supplement A, described in Appendix III-D, multiplied by the 
respective levels of containerization. 

For Example; 

U.S. World Imports for 1975 
Commodity 121 - Tobacco, Unmanufactured 
Metric Tons - 167,982 
Containerization - 5 - 20 percent 
Average Containerization - 12.5 percent 
Containerized Tonnage - 20,998 

Some ccmmodi ties, for example Imports 661 - Building Material, Lime, 
Cement, are given specific degrees of containerization. In such cases, tui.:' 
specific degree of containeris^Ution was used rather than tlie average of Uve 
range in which the commodity lies. Itie commodities that have such specific 
degrees of containerization are: 

Imports 

661 Building Material Lime, Cement 1.1 percent 

231 Rubber Crude 5.0 percent 

653 Textile Fabrics, Woven 10.0 percent 

Exports 

081 Feeding - Stuff for Animals 3.25 percent 

221 Oil Seeds, Oil Nuts, Kernels 0.36 percent 

242 Wood in the Rough 0.48 percent 

411 Animal Oils and Fats NES 4.6 percent 

513 Inorganic Chemical Elements 2.7 percent 

631 wood Veneers, Plywood Boards 0.1 percent 

A3E-2 


641 Paper and Paperboard 


15.1 percent 


MarAd tape was in long tons with totals for 
thousands of long tons, lo meet contractual requirements 
of the^(X^S Study and be conpatible with other data sources, the output was 

f thousands of short tons and 

tons for totals for regions and world. Only metric ton data are pre- 
sented in the supplements. Conversions are; 

Short tons = 1.120 x long tons 

Metric tons =1.0160469 x long tons 

A complete list of the tables contained in Supplement B is given below; 

List of Tables Contained in Supplement B 
Table No. Title 

1 U.S.-W^ Imports 


2 

U.S. Vforld Exports 

3 

Region 01 

- Canada - Imports 

4 

Region 01 

- Canada - Exports 

5 

Region 02 

- OECD Europe - Imports 

6 

Region 02 

- OECD Europe - Exports 

7 

I^ion 03 

- Other Free Europe - Imports 

8 

Region 03 

- Other Free Europe - Exports 

9 

I^ion 04 

- Japan - Imports i 

10 

Region 04 

- Japan - Exports 

11 

Region 05 

- Australia - Imports 

12 

Region 05 

- Australia - Exportb ^ 

13 

Region 06 

— Newj Zealand - Imports 

14 

Region 06 

- New Zealand - Exports 

15 

Region 07 

^ Middle East - Imports 

16 

Region 07 

- Middle East - Exports 
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Table No. 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 


Title 

Region 08 - Africa - Inports 
Region 08 - Africa - E^rts 
Region 09 - Less Developed Asia - Inerts 
Region 09 - Less Developed Asia - Exports 
Region 10 - less Developed America - Imports 
Region 10 - Less Developed America - Exports 
Region 11 - Gommunist Europe - Imports 
Region 11 - Canmunist Europe - Exports 
Region 12 - Communist Asia - Imports 
Region 12 - Communist Asia - Exports 
Region 13 - All Other Countries - Imports 
Region 13 - All Other Countries - Exports 
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FREE-WDRLD INTERNATIOSIAL CARGO DEMAND 


OECD Data Analysis - Gountry/Region - Pair Choice 


This Appendix describes the information contained in Supplement C which is 
^nd separately and may be obtained fron NASA Langley. Tables I-l through 
1-14-4 from Supplement C are also contained in this Appendix. A complete list 
of the tables contained in Supplement C is, given below 


Table 


List of Tables Contained in Supplement C 

Title 


I-l to 13 

I- 14 

II- VI 

I I- l to 33 

III- l to 33 

IV- 1 to 33 

V- 1 to 33 

VI- 1 to 33 


Country/Region-Pair Choice 

Rate of Containerization - Schedule A & B, Imports 
and Exports 

OECD Data Analysesd) 

Free-World International Cargo Demand 

U.S. International Cargo Deirand ^ ^ 

OECD Europe International Cargo Demand 

Japan International Cargo Demand 

Macro Regional Group Cargo Demand 


(1) Each of the Sections II - VI are divided as follows; 


Table No 
1 to 3 

1 

2 

3 

4 to 6 

4 

5 

6 


Title 

OECD All-Modes Total Cargo by Trading Partners and 
Degrees of Containerization 

Imports 

Exports 

Inports and Exports 

OECD All Modes Total Cargo by Trading Partners - Summry 

Imports 

Exports 

lirports and Exports 


Table No. Title 

7 to 9 Conventional Air Cargo by Trading Partners and Degrees 

of Containerization 

7 Drports 

8 Exports 

9 Drports and Exports 

10 to 12 Conventional Air Cargo by Trading Partners - Summary 

10 Imports 

11 Exports 

12 Imports and Exports 

13 to 15 Total Seaborne Cargo by Trading Partners and Degrees 

of Containerization 

1 3 Imports ; 

14 Exports 

15 Irports and Exports 

16 to 18 Total Seaborne Cargo by Trading Partners 

16 Imports 

17 Exports 

18 Inrports and Exports 

19 to 21 Containerization Seaborne Cargo by Trading Partners 
and Degrees of Containerization 

19 Imports 

20 Exports 

21 Imports and Exports 

22 to 24 Containerized Seaborne Cargo by Trading - Summary 

22 Imports 
Exerts 


23 


»r 


Table No. 

24 

25 to 27 

25 

26 

27 

28 to 3-0- 

28 

29 

30 


Title 

Imports and Exports 

sStorn^Sgo^^^*^"^® Percent of Containerizable 

Imports 

Exports 

Inports and Exports 

Advanced Cargo Systan Demand by Trading Partners 
Imports 

Exports 

Imports and Exports 


31 to 33 

32 

33 


Total Air Cargo Demand 
Exports 

Imports and Exports 


Seece" 

t?JS:SzlKESiiE€3£,F~- 

trad?orth?'^'??-n'*" ‘*'® relative Kgnltudes of the foreign 

trade or the OECD member countries and their tr; 3 dinn navt-nav-c ^ 

analysis has been made of the 1974 data ^ partners, a cursory 

Summary data for all canmodities are presented in Tables I-l and -2 for im- 
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New Zealand, trading with 10 countries or geographic areas, to establish 
major trading routes or partners. These 10 areas include the 6 OECD reporting 
country groups plus 4 non-OECD areas - Middle East, Africa, less- Developed Far 
East (this area excludes Japan and Australasia), and Latin America. The trade 
value of these trading partners accounts for 90 percent of OECD imports fron 
the entire world and almost 85 percent of .OECD exparts to the entire vorld. 
These data, including the world data, exclude the trade within OECD Europe. 

The matrix of trading partners in Tables I-l and -2 results in 35 trading 
partner caonbinations, presented in Table 1-3. In arriving at the total trade 
flow in both directions for eagh of the 35 trading partner combinations, care 
was taken to avoid double accounting by not adding Imports ; and Exports for 
every ccxnbination in Tables i-l and 1-2. For example, from Table I-l, U.S. Im- 
ports from Canada and Canadian Imports frcm the U.S., account for the total 
two-way flow foir that trading partner ccxnbination, and hence the export data 
would give double accounting. No such problon exists with the trading partner 
canbihatiohs involving a non-OECD country or region. 

In Table 1-4, the 35 trading partners combinations presented in Table 1-3 
are ranked based on the total two-way trade value for all connodities.. The re- 
sults Show that the top 5 trading partner combinations account for over 50 per- 
cent of the total value of trade of the 35 conbinations. The top 25 account 
for almost 99 percent. Another significant fact is that 20 out of the 35 trad- 
ing partner combinations are with non-OECD partners and that these 20 account 
for over 60 percent of the total value of trade. 

Tables I-l through 1-4 address total trade value of all comrrodities, and 
clearly i petroleum is a significant commodity, particularly with the non-OECD 
countries. Of the $431 billion total trade flow given in Table 1-4, Commodity 
Group 3 - Mineral Fuels, Lubricants and Related Materials, accounts for over 
24 percent or $106 billion. 

Tables 1-5 throughi Ir-8 present the same analysis for commodity group 3 
only. Table 1-8 shows' that nonOECD trading partners account for almost 90 
percent of the value of commodity group 3, with the top 3 trading partners 
accounting for almost 65 percent. 

Tables 1-9 through -12 present the results of subtracting commodity group 
3 from the all-commodity data. These data show that the total value of trade 
for the 35 trading partner combinations amounts to almost $328 billion. The 
top 10 trading partner combinations account for over 76 percent of the trade 
value. The OECD member countries^ ^rtnered with non-OECD countries account 
for over 51 percent. 

Table 1-13 summarizes the trade value for the OECD member country or geo- 
graphic area. The data show the predominance of the U.S., however, the 
picture is somewhat distorted for the OECD members lower in the list for all 
trading partners, since trade with OECD member countries higher in the list is 
included in that higher-listed country. This, of course, does not apply in 
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TABLE I-l. MAJOR WORLD TRADE ROUTES - IMPORTS - 1974 
ALL COMMODITIES 

; $ Million 


Reporting 

Countries 

U.S. 

Canada 

OECD 

Europe 

Japap 

Australia & 
New Zealand 

OECD 

Total 

Trade With 





Aust. N.Z. 


U. S. 

- 

21,751 

30,268 

12,686 

2,282 

66,987 

Canada 

22,282 

- 

5,464 

2,663 

331 

30,740 

OECD Europe 

23,4k 

3,832 


5,164 

3,646 

36,130 

Middle East 

4,665 

1 

1,306 

39,356 

15,319 

812 

61,453 

Afri cc 

5,973 

273 

25,241 

2,149 

65 

33,701 

Japan 

12,455 

lr457 

1 

7,593 

1 " 

2,039 

23,546 

L/Dev Far East 

10,264 

720 

1 

8,386 

p/466 

1/059 • 

32,895 

Australia 

1,083 i 

1 343 

2,463 

4,335 

- 

8,224 

New Zealand 

348 

i78 

968 

401 

259 

2,054 

Latin America 

13,678 

1,870 

11,023 

2,657 

87 

29,315 

Total 

94,235 

31 ,632 

130,762 

57,841 

10,580 

325,050 

World 

100,972 

32,295 

154,432 

62,035 

11,087 

360,822 

Total % 
of World 

93.3 

97.9 

84.7 

93.2 

95.4 

90.1 

Non OECD 
Total 

34,580 

4,169 

84,006 

32,591 

2,023 * 

157,369 

Non OECD 
% of Total 

36.7 

13.2 

64.2 

56.3 

19.1 

48.4 


Non-OEGD Trading Partners of OECD Members 
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TABLE 1-2. MAJOR WORLD TRADE ROUTES - EXPORTS - 1974 

ALL COMMODITIES 


$Mili 


Reporting 

Countries 

U.S. 

Canada 

OECD 

Europe 

Trade With 




U.S. 

- 1 

21,800 

22,709 

Canada 

19,543 

- 

3,629 

OECD Europe 

27,099 

4,865 

- 

Middle East 

4,166 

; 241 

11,080 

Africa 

2,404 

326 

16,645 

Japan 

10,504 

2,274 

4,227 

L/Dev Far East 

8,713 

630 

8,114 

Australia 

2,159 

314 

3,420 

New Zealand 

450 

66 

972 

Latin America 

14,307 

1,306 

11,194 

Total 

89,345 

31,822 

81,990 

World 

97,143 

32,780 

113,603 

Total % 
of World 

92.0 

97.1 

72.2 

Non OECD 
Total 

29,590 

2,503 

47,033 

Non OECD 
% Total 

33.1 

7.9 

57.4 


Japan 

Australia & 
New Zealand 

OECD 

Total 


Aust N.Z. 


12,944 

937 

58,389 

1,590 

325 

25,088 

8,559 

1,729 

42,252 

3,248 

280 

19,014 

3,894 

272 

23,541 

- 

3,030 * 

20,036 

12,688 

1,601 

31,748 

2,077 

- 

7,969 

488 

718 

2,694 

4,700 

178 

31,686 

50,188 

9,070 

262,417 

55,598 

10,787 

309,911 

90.3 

84.1 

84.7 

24,530 

2,331 

105,989 

48.9 

25.7 

40.4 
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TABLE 1-3. TRADE RpUTES - 1974 ALL COMMODITIES 


u.s. 

Canada 

Imports 
$ Mi 1 1 ion 

22,282 

Exports^^^ 
$ Million 

21,751 

Total 

$ Million 
44,033 


OECD Europe 

23,488 

30,268 

53,756 


Middle East 

4,655 

4,166 

8,821 


Africa 

5, 973 

2,404 

8,377 


Japan 

12,455 

12,686 

25,141 


L/Dev Far East 

10,264 

8,713 

18,977 


Australia 

1,083 

2,282 

3,365 


New Zealand 

348 

450 

798 


Latin America 

13,678 

14,307 

V. 985 

Canada 

OECD Europe 

3,832 

5,464 

9,296 


Middle East 

1,306 

241 

1,547 


Africa 

273 

326 

599 


Japan 

1,459 

2,663 

4,122 


L/Dev Far East 

720 

630 

1,350 


Australia 

343 

331 

674 


New Zealand 

78 

66 

144 


Latin America 

1,870 

1,306 

3,176 

OECD Europe 

Middle East 

39,356 

11,080 

50,436 


A fri ca 

25,241 

16,645 

41 , 886 


Japan 

7,593 

5,164 

12,757 


L/Dev Far East 

8,386 

8,114 

16,500 


Australia 

2,463 

3,646 

6,109 


New Zealand 

968 

972 

1,940 


Latin America 

11,023 

1 1 , 1 94 

22,217 

Japan 

Middle East 

15,319 

3,248 

18,567 


Africa 

2,149 

3,894 

6,043 


L/Dev Far East 

12,466 

12,688 

25,154 


Australia 

4,335 

2,039 

6,374 


New Zealand 

401 

488 

889 


Lati n Ameri ca 

2,657 

4,700 

7,357 

Australia '■ 

Middle East 

812 

280 

1,092 


Africa 

65 

272 

337 


L/Dev Far East 

1,059 

1,601 

2,660 


New Zealand 

259 

718 

977 


Latin America 

87 

178 

265 

New Zealand 

Middle East 

_ 

_ 



Africa 

. - 

_ 

_ 


L/Dev Far East 

- 

- ■ 



Latin America 





( 1 ) 


Where the trading partner is also an OECD member nation, the quantity is the reported 
imports for that nation. 
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TABLE 1-4. TRADE ROUTE RANKING - 1974 


ALL COMMODITIES 





$ (Millions) 

% 

CUM 

% 

1 . u.s. . 

- 

OECD Europe 

53,756 

12.39 

12.39 

2. OECD Europe 

- 

Middle East 

50,436 

11.63 

24.02 

3. U.S. 

- 

Canada 

44,033 

10.15 

34.17 

4. OECD Europe 

- 

Africa 

41,886 

9.66 

43.83 

5. U.S. 

- 

Latin America 

27,985 

6.45 

50.28 

6. Japan 

- 

L/Dev Far East 

.25,154 

5.80 

56.08 

7. U.S. 

- 

Japan 

25,141 

5.80 

61.88 

8. OECD Europe 

- 

Latin America 

22,217 

5.12 

67.00 

9. U.S. 

- 

L/Dev Far East 

18,977 

4.38 

71 .38 

10. Japan 

- 

Middle East 

18,567 

4.28 

75.66 

1 1 . OECD Europe 

- 

L/Dev Far East 

16,500 

3.80 

79.46 

12. OECD Europe 

- 

Japan 

12,757 

2.94 

82.40 

13. Canada 

- 

OECD Europe 

9,296 

2.14 

84.54 

14. U.S. 

- 

Middle East 

8,821 

2.03 

86.57 

15. U.S. 

- 

Afri ca 

8,377 

1.93 

88.50 

16. Japan 

- 

Latin Arsterica 

7,357 

1.70 

90.20 

17. Japan 

... 

Australia 

6,374 

1.47 

91.67 

18. OECD Europe 

- 

Australia 

6,109 

1.41 

93.08 

19. Japan 

- 

Africa 

6,043 

1.39 

94.47 

20. Canada 


Japan 

4,122 

0.95 

95.42 

21. U.S. 

- 

Au'straiia 

3,365 

0.78 

96.20 

22. Canada 

- 

Latin Arne rica 

3,176 

0.73 

96. 93 

23. Australia 

- 

L/Dey Far East 

2,660 

0.61 

97.54 

24. OECD 

- 

New Zealand i 

1,940 

0.45 

97.99 

25. Canada 

- 

Middle East: 

1,547 

0.36 

98.35 

26. Canada 

- 

L/Dev Far East 

1,350 

0.31 

98.66 

27. Australia 

- 

Middle East' 

1,092 

0.25 

98.91 

28. Australia 

- 

New Zealand 

977 

0.23 

99.14 

29. Japan 

- 

New Zealand 

889 

0.22 

99.36 

30. U.S. 

- 

New Zealand 

798 

0.18 

99.54 

31 . Canada 

- 

Australia 

674 

0.16 

99.70 

32. Canada 

- 

Africa 

599 

0.14 

99.84 

33. Australia 

- 

Afri ca 

337 

0.08 

99. 92 

34. Australia 

- 

Latin America 

265 

0.06 

99.98 

35. Canada 


New Zealand 
Total 

144 

433,721 

0.03 

100.00 

100.01 


Total OECD - Non-OECD 263,346 60. 7 


NOTE: 20 out of 35 with non-OECD partners 

24.5% of Total trade value is Commodity Group 3 - Mineral Fuels, 
Lubricants and Related Materials 
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TABLE 1-5. MAJOR WORLD TRADE ROUTES - IMPORTS - 197i 
COMMODITY GROUP 3 ONLY 





$ MILLION 



Reporrtng 

Countries 

U.S. 

Canada 

OECD 

Europe 

Japan 

Australia & 
New Zealand 

OECD 

Total 

Trade With 





Aust. N.Z. 


U.S. 

- 

452 

1,052 

1,833 

17 

3,354 

Canada 

4,534 

- 

131 

334 

- 

4,999 

OECD Europe 

1,301 

24 

- 

74 

7 

1,406 

Middle East 

4,216 

1,277 

37,819 

15,085 

779 

59,176 

Afri CO 

4,743 

89 

14,654 

887 

1 

20,374 

Japan 

13 

- 

11 

- 

4 * 

28 

L/Dev Far East 

1,405 

- 

41 

4,985 

114 

6,545 

Australia 

6 

1 

168 

860 

- 

1,035 

New Zealand 

1 

- 

- 

1 

- * 

2 

Latin America 

4,814 

1,346 

1 ,038 

58 

3 • 

7,259 

Total 

21,033 

3,189 

54,914 

24,117 

925 

104,178 

World 

25,350 

3,391 

59,908 

24,897 

933 

114,479 

Total % of 
World 

83.0 

94.0 

91.7 

96.9 

99.1 

91.0 

Non-OECD 

Total 

15,178 

2,712 

53,552 

21,015 

897 

93,354 

% of Total 

72.2 

85.0 

97.5 

87.1 

97.0 

89.6 
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TABLE 1-6. MAJOR WORLD TRADE ROUTES - EXPORTS - 1974 

! ■ ■■■ i 

COMMODITY GROUP 3 ONLY 
$ MILLIONS 


Reporting 

Countries 

U.S. 

Canada 

OECD 

Europe 

Japan 

Australia & 
New Zealand 

OECD 

Total 

Trade With 





Aust. N.Z. 


U.S. 


4,785 

740 

3 

5 

5,534 

Canada 

531 

- 

15 

- 

• 

545 

OECD Europe 

884 

121 

- 

54 

103 

1,162 

Middle East 

29 

- 

177 

1 

3 

210 

Afri ca 

20 

- 

525 

1 

2 

548 

Japan 

1,447 

257 

57 


674 

2,435 

L/Dev Far East 

65 

1 

39 

156 

43 

305 

Australia 

26 

- 

11 

4 

- 

41 

New Zealand 

7 

- 

4 

2 

74 

86 

Latin America 

378 

5 

91 

26 

3 

502 

Total 

3,387 

5,169 

1 ,659 

247 

907 

11,368 

World 

3,442 

5,179 

3,528 

251 

947 

13,347 

Total % of 
World 

98.4 

99.8 

47.0^’^ 

98.4 

95.8 • 

85.2 

Non-OECD 

Total 

492 

6 

832 

184 

51 

1,565 

% of Total 

14.5 

0.12 

50.2 

74.4 

5.6 

13,8 


(1) In addition to $1,659 million, there is $1,504 million with " Unspecified" trading 

partner, hence the unusually low percentage of 47.0. 
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u.s. 


Canada 


OECD Europe 


Japan 
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TABLE 1-7. TRADE ROUTES - 1974 i ' 

COMMODITY GROUP 3 ONLY , . 

Imports Exports^ ^ Total 

$ Million 


Canada 

4,534 

OECD Europe 

1,301 

Middle East 

4,216 

Afri ca 

4,743 

Japan 

13 

L/Dev Far East 

1,405 

Australia 

6 

New Zealand 

1 

Latin America 

4,814 

OECD Europe 

24 

Middle East 

1,277 

Africa 

89 

Japan 


L/Dev Far East 

- . 

Australia 

1 

New Zealand 


Latin America 

1,346 

Middle East 

37,819 

Afri ca 

14,654 

Japan 

11 

L/Dev Far East 

41 

Australia 

168 

New Zealand | 

^ — 

Latin America 

1,038 

Middle East 

15,085 

Africa 

887 

L/Dev Far East 

4,985 

Australia 

860 

New Zealand 

1 

Latin America 

58 


Million 

$ Million 

452 

4,986 

1,052 

2,353 

29 

4,245 

20 

4,763 

1,833 

1,846 

65 

1,470 

17 

23 

7 

8 

378 

5,192 

131 

155 

- 

1,277 

- 

89 

334 

334 

1 

1 

- 

1 

• 

5 

1,551 

177 

37,996 

525 

15,179 

74 

85 

39 

80 

7 

175 

4 

4 

91 

1,129 

1 

15,086 

1 

888 

156 

5,141 

4 

864 

2 

3 

26 

84 


Australia - Middle East 779 3 

Africa ] 2 

L/Dev Far East 114 43 

New Zealand - 74 

Latin America 3 3 


(1) Where the trading partner is also an OECD member country, the quantity is the 
reported imports for that country. 


782 

3 

157 

74 

6 
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TABLE 1-8. TRADE ROUTE RANKING - 1974 
COMMODITY GROUP 3 ONLY 




$ (Millions) 

1 ' " 

% 

1. OECD Europe 

- Middle East 

37,996 ^ 

35.90 

2. OECD Europe 

- Af ri ca 

15,179 

14. 34 

3. Japan 

- Middle East 

15,086 

14.25 

4. U.S. 

- Latin America 

5,192 

4.91 

5. Japan 

- L/Dev Far East 

5,14V 

4.86 

6. U.S. 

- Canada 

4,986 

4.71 

7. U.S. 

- Afri ca 

4,763 

4.50 

8. U.S. 

- Middle East 

4,245i 

4.01 

9. U.S. 

- OECD Europe 

2,353i 1 

2.22 

10. U.S. 

- Japan 

1,846 

1.74 

11. U.S. 

- L/Dev Far East 

1,470 

1.39 

12. Canada 

- Latin America 

1,351 

1.28 

13. Canada 

- Middle East 

1,277 

1.21 

14. OECD Europe 

- Latin America 

1,129 

1 • u/ 

15. Japan! 

- Africa 

888 

0.839 

16. Japan 

- Australia 

864 

0. 816 

17. Australia 

- Middle East 

782 

0. 739 

1 8. Canada 

- Japan 

334 

0.316 

19. OECD Europe 

- Australia 

175 

0. 165 

20. Australia 

- L/Dev Far East 

157 

0. 148 

21. Canada 

- OECD Europe 

155 

0. 146 

22. Canada 

- Africa 

89 

0.084 

23. OECD Europe 

- Japan 

85 

U. 080 

24. Japan 

- Latin America 

84 

0. 079 

25. OECD Europe 

- L/Dev Far East 

80 

0. 0/6 

26. Australia 

- New Zealand 

74 

0. 070 

27. U.S. 

- Australia 

23 

0.022 

28. U.S. 

- New Zealand 

8 

0.008 

29. Australia 

- Latin America 

6 

0.006 

30. OECD Europe 

- New Zealand 

4 

0.004 

31. Japan 

- New Zealand 

3 

0.003 

32. Australia 

- Africa 

3 

0.003 

33. Canada 

- L/Dev Far East 

1 

0.001 

34. Canada 

- Australia 

1 

0.001 

35. Canada 

- New Zealand 

- , 



Total 

105,830 

100.00 

Total OECD - Non-OECD 

94,919 

89.69 


CUM 

% 

35.90 
50.24! I 
64.49 i 
69.40' ' 

74.26 ' 
78.97: ' 

83.47 

87.48 
89.70 

91.44 
92.83 
94.11 
95.32 
96. 39 
97.229 

98.045 
98. 784 
99.100 
99.265 
99.413 
99.559 
99.643 
99.723 
99. 802 
99. 878 
99.948 
99.970 
99.978 
99.984 
99.988 
99.991 

99.994 

99.995 

99.996 
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TABLE 1-9. MAJOR WORLD TRADE ROUTES - IMPORTS - 1974 
Wl THOUT COMMODI TY GROUP 3 
$ MILLION 


Reporting ■ 

Countries 

^ U.S. 

Canada 

OECD 

Europe 

Japan 

Australia & 
New Zealand 

OECD 

Total 

Trade Wi th 





Aust. N.Z. 


U.S. 

- 

21,299 

29,216 

10,853 

2,265 

63,633 

Canada 

17,748 

- 

5,333 

2,329 

331 

25,741 

OECD Europe 

22,187 

3,808 

- 

5,090 

3,639 

34,724 

Middle East 

449 

29 

1,537 

234 

33 

2,282 

Afri ca 

1,230 

184 

10,587 

1,262 

64 

13,327 

Japan 

12,442 

1,459 

7,582 

- 1 

2,035 

23,518 

L/Dev Far East 

8,859 

720 

8,345 

7,481 

^ 945 

26,350 

Australia 

1,077 

342 

2,295 

3,475 

- 

7,189 

New Zealand 

347 

i 78 

968 

400 

259 • 

2,052 

Latin America 

8,864 

524 

9,985 

2,599 

84 " V 

22,056 

Total 

73,203 

28,443 

75,848 

'33,723 

9,588 

220,805 

World 

75,622 

28,904 

94,524 

37,138 

10,154 

246,342 

Total % 
of World 

96.8 

98.4 

■ 1 ... 

80.2 

1 

90.8 

94.4 • 

89.6 

Non OECD 
Total 

19,402 

1,457 

' i, . 

30,454 

11,576 

1,126 

64,015 

% of Total 

26.5 

5.1 

40.2 

34.3 

11.7 

29.0 
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TABLE 1-10, 

MAJOR WORLD TRADE ROUTES 

- EXPORTS - 1974 




WITHOUT COMMODITY GROUP 3 

1 


1 



$ MILLION 



Reporting 

Country 

U.S, 

Canada 

OECD 

Europe 

Japan 

Australia & 
New Zealand 

OECD 
; Total 

Trade With 





Aust. N.Z. 


U.S. 

- 

17,015 

21,969 

12,941; 

932 

52,855 

Canada 

19,012 

- 

3,614 

1,590 

325 

24,543 

OECD Europe 

26,215 

4,744 

- 

8,505 

1,626 

41,090 

Middle East 

4,137 

241 

10,903 

j 

3,247 

1 

277 

18,804 

Africa 

2,384 

326 

16,12b 

3,893 

270 • 

22,993 

Japan 

9,057 

^ 2,017 

4,170 

- 

2,356 • 

17,601 

L/Dev Far East 

8,648 

629 

8,075 

12,532 

1,558 

31,443 

Australia 

2,133 

314 

3,409 

2,0731 


7,928 

New Zealand 

443 

66 

968 

486 

644 * 

2,608 

Latin America 

13,929 

1,301 

11,103 

4,674 

175 

31,184 

Total 

85,958 

26,653 

80,331 

49,941 

8,163 

251 ,049 

World 

93,701 

27,601 

110,075 

55,347 

9, 840 * 

296,564 

Total % of 
World 

91.7 

96,6 

73.0 

90.2 

83.0 

84.7 

Non-OECD j 
Total 

29,098 

2,497 

46,201 

24,346 

2,280 • 

104,424 

% of Total 

33.9 

9.4 

57.5 

48.7 

27.9 * 

41.6 
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TABLE 1-11. TRADE ROUTES - 1974 
WITHOUT COMMODITY GROUP 3 


1 

i 

1 

Imports 

Exports^ 

Total 

i 

$ Million 

$ Million 

$ Mi 1 1 ion 

1 U. S. - Canada 

17,748 

21,299 

39,047 

OECD Europe 

22,1 87 

1 29,216 

51,403 

1 Middle East 

439 

4,137 

4,576 

Africa 

1,230 

2,384 

3,614 

! Japan 

12,442 

10,853 

23,295 

1 L/Dev Far East 

8, 859 

8,648 

17,507 

Australia 

1,077 

2,265 

3,342 

New Zealand 

347 

443 

790 

Latin America 

8,864 

13,929 

22,793 

Canada - OECD Europe 

3,808 

5,333 

9,141 

Middle East 

29 

241 

270 

Africa 

184 

326 

510 

Japan 

1,459 

2,329 

3,788 

L/Dev Far East 

720 

629 

1 , 349 

Australia 

342 

331 

673 

; New Zealand 

78 

66 

144 

' Latin Ameri ca 

524 

1,301 

1,825 

1 OECD Europe - Middle East 

1,537 

10,903 

12,440 

Africa 

10,587 

16,120 

26,707 

1 : Japan 

7,582 

5,090 

12,672 

L/Dev Far East 

8,345 

8,075 

16,420 

j Australia 

2, 295 

3,639 

5,934 

New Zealand 

968 

968 

1 , 936 

Latin America 

9,985 

11,103 

21,088 

Japan - Middle East 

234 

3,247 

3,481 

Africa 

1,262 

3,893 

5, 155 

L/Dev Far East 

7,481 

12,532 

20,013 

I Australia 

3,475 

2,035 

5,510 

New Zealand 

400 

486 

886 

Latin America 

2,599 

4,674 

7,273 

Australia - Middle East 

33 

277 

310 

Africa 

64 

270 

334 

L/Dev Far East 

945 

1,558 

2,503 

New Zealand 

259 

644 

903 

Latin America 

84 

175 

259 

(1) Where the trading partner is also an 
reported imports for that country. 

OECD member 

country, the quantity i 

s the 


j 
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TABLE 1-12. TRADE ROUTE RANKING - 1974 


WITHOUT COMMODITY GROUP 3 


1. LI. si 


OECD Europe 

$ (Millions) 
51 ,403 

% 

15.68 

CUM 

% 

15.68 

2. U.Sl 

- 

Canada 

39,047 

11.91 

27.^9 

3. OECD Europe 

- 

Africa 

26,707 

8.15 

35.74 

4. U.Si 


Japan 

23,295 

7.10 

42.84 

5. U.S; 

- 

Latin America 

22,793 

6.95 

49.79 

6. OEcId Europe 

- 

Latin America 

21,088 

6.43 

56.22 

7. Japan 

-■ 

L/Dev Far East 

20,013 

6.10 

62.32 

8. U.S. 

- - 

L/Dev Far East 

17,507 

5.34 

67.66 

9. OECD Europe 


L/Dev Far East 

16,420 

5.01 

72.67 

10. OECD Europe 

-i 

Japan 

12,672 

3.86 

76.53 

1 1 . QECD Europe 

- 

Middle East 

12,440 

3.79 

80.32 

12. Canada 

r- 

OECD Europe 

9,141 

2.79 

83.11 

13. Japan 

- 

Latin America 

7,273 

2.22 

85.33 

14. OECD Europe 

- 

Australia 

5,934 I 

1,81 

87.14 

15. Japan 

- 

Australia 

5,510 

1.68 

88.82 

16. Japan 

- 

Afri ca 

5,155 

1.57 

90.39 

17. U.S. 


Middle East 

4,5/6 

1.40 

91.79 

18. Canada 

- 

Japan 

3,788 

1.16 

92 . 95 

19. U.S. 

- 

Africa 

3,614 

1.10 

94.05 

20. Japan 

- 

Middle East 

3,481 

1.06 

95.11 

21. U.S. 

- 

Australia 

3,342 

1.02 

96.13 

22. Australia 

- 

L/Dev Far East 

2,503 

0.763 

96. 893 

23. OECD Europe 

- 

New Zealand 

1 1,936 ^ 

0.590 

97.483 

24. Canada 

- 

Latin America ^ 

1,825: 

0.557 

98.04 

25. Canada 

- 

L/Dev Far East 

1,349 

0.411 

98.451 

26. Australia 

- 

New Zealand; 

903 

0.275 

98.726 

27. Japan . 

- 

Newi Zealand 

886 

0.270 

98.996 

28. U.S. 

- 

New Zealand 

790 

0.241 

99.237 

29. Canada 

- 

Australia 

673 

0.205 ^ 

99.442 

30. Canada 

- 

Africa 

510 

0.156 ‘ 

99.598 

31. Australia 

- 

Afri ca 

334 

0.102 

99.700 

32. Australia 

- 

Middle East 

310 

0.095 

99.795 

33. Canada 

- 

Middle East i ' 

270 

0.082 

99. 877 

34. Australia 

- 

Latin America 

259 

0.079 

99.956 

35. Canada 

- 

New Zealand 

144 

0.044 

100.00 


Total 327,891 100.00 

Total OECD - Non OECD 168,427 51.4 
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TA BL E I - 1 3 . OECp RE PORT! N G MEMBE RS - S UMM AR Y 
IMPORTS AND EXPORTS 


i All 

Commpdi ties 
$ (Millions) 

With all trading partners 

Commodity 
Group 3 
$ (Millions) 

1 

Without Commodity 
Group 3 
$ (Millions) 

U.S. . ^ 

191/253 

24,886 

166,367 

Canada 

20,908 

3,208 

17,700 

OECD Europe 

151,845 

54,648 

97,197 

Japan 

64,384 

22,066 

42,318 

Australia 

5,331 

! 

1,022 

4,309 

Total 

^ 433,721 

105,830 

327,891 


With non-OECD tradi 

1 

ng partners 



U.S. 

64,160 

15,670 

48,490 

Canada 

6,672 

2,718 i 

3,954 

OECD Europe 

131,039 

• i . 

54,384 

76,655 

Japan 

57,121 

21,199 

35, 922 

Australia 

4,354 

948 

3,406 

Total 

263,346 

94,919 

168,427 


% with non-OECD za -r 

trading partners ‘ 89.7 51.4 


non>OECD trading partners, and here the predominance is 

The basic OECD data for each reporting country is represented in numerical 

penetrable 

regrouped based on the degrees of containeri- 
— analyses. The degree of containerization by 
ccmmc^ity IS detailed in Table 1-14 of this appendix supplanent, and represent- 
ing imports and exports combined. ” 

The original degrees of containerization as developed by MarAd for imports 
sep^ately are presented in Supplement A. Since the OECD data 
foreign countries the levels of containerization 
for U.S. mports and U.S. exports could not be applied. It was decided that 
an approxi^tion representing the conbinatibn of U.S. imports and exports 
giving a single value of percent containerization per commodity would be aSro- 

it Is ‘lean that Lny co^l?S 
level of containerization for both ijiiports and exports and 
thus a single value is already available. Where differences exist in the rate 
of containerization for imports versus exports then generally the higher rate 
vras chosen, representing a higher degree of maturity of containerization 
^ere the directional unbalance in U.S. trade flow is large, the rate of con- 
tainerization of the higher trade flow vras chosen. 


OECD Foreign Trade Data 


t-h^ Free-World international cargo demand is 

foreign trade data. Data Resources Inc. of Washington D C has thp 

i" e ca^puterffed 'sys?™ tSv 

extract data based on the country pair combinations and 
ccmmodity groupings outlined in the previous paragraphs. The basic Series C 

^ Svel tor 1961 th^h ?969 Ind 

^ble "leSl Sli eetput to a «>rk- 

Piitw 1 ^ aggregated to the 3-diglt level, 

urther, t±e conmodities were regrouped by degrees of containerization based 
on information developed from MarAd analyses. 

countries reports data to the OECD on both value 
and quality of e^rts to and imports from approximately 160 partner 
countries. Depending on the ccmmodity,. .up to 23 of these partner countries 
are otter OECD member countries, the reminder being non-member countries from 
^gentina to Zaire. ^The value data are standardized by using an approprLte 
exchange rate for each year and ; converting the value of each member country's 
^rts and exports into U.S. dollars. Tasks of aggregation and compariiDn 
for value data are thus greatly simplified. Given the diversity^ data 

and reporting methods in the OECD member countries, the 
method for dealing with quantity aggregations is much more difficult. 
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TABLE N14-1. RATE OF CONTAINERIZATION - 3-DIGIT CENSUS SCHEDULE A & B 
IMPORTS AND EXPORTS Percent Containerized 


Code 

Commodity Description 

Liquid & 
^ Dry Bulk 

0- 

5% 

5- 

20% 

20- 

40% 

40- 

60% 

60- 

100% 

001 

Live Animals 



X 




on 

Meat, Fresh, Chilled or Frozen 





X 


012 

Meat, Dried, Sited, or Smoked 




X 



013 

Meat in Cont, N.E.S. 





X 


022 

Milk and Cream 





X 


023 

Butter and Anhydrous Milk Fat 






X 

024 

Cheese and Curd 






X 

025 

Eggs, Birds, Excl.: Egg Album 






X 

031 

Fish, Fresh, or Simply Preserved 




X 



032 

Fish, Airtight Cont, N.E.C. 





X 


041 

Wheat, Unmilled 

X 






042 

Rice 


X 





043 

Barley, Unmilled _ 

X 






044 

Com or Maize, Unmilled 

X 






045 

Cereals, Unmilled, NvE^S. 

X 






046 

Wheat Flour, Meal, and Groats 


X 





047 

Cereal Flour, Meal and Groats 


X 





048 

Cereal and Flour Preparations 



X 




051 

Fruits, Fresh 



X 




052 

Fruits,| Dried 

1 




X 


053 

Nuts & Fruifis, N.E.S. 

, 1 




X 


054 

Vegetables, Fresh, Chid, Frzn. 





X 


055 

Vegetables, Preserved N.E.S. 





X 


061 

Sugar, Syrups, Molasses, Honey 

X 






062 

Sugar, Confectionery 






X 

071 

Coffee 


X 





072 

Cocoa 



X 




073 

Chocolate 






X 

074 

Tea and Mate 




X 



075 

Spices 




X 



081 

Feeding-Stuff for Animals 


X 





091 

Margari ne and Edi bl e Fats 



X 




099 

Food Preparations, N.E.C. 




X 



1 1 1 

Nonalcoholic Beverages, N.E.C. 





X 


112 

Alcoholic Beverages 






X 

121 

Tobacco, Unmanufactured 





X 


122 

Tobacco Manufactures 




X 
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TABLE 1-14-2. RATE OF CONTAINERIZATION -^ 3-DIGIT CENSUS SCHEDULE A & B 


IMPORTS AND EXPORT*; 


Code 

Commodity Description 

211 

Hides & Skins, Undressed 

212 

Fur Skins, Undresied 

221 

Oil Seeds, Oil Nuts, Kernels 

231 

Rubber Crude 

241 

Fuel Wood, Charcoal, and Waste 

242 

Wood, In the Rough 

243 

Wood, Shaped or Simply Worked 

244 

Cork, Natural, Raw and Waste 

251 

Pulps and Waste Paper 

261 

Silk, Raw 

262 

Wool and Other Animal Hoir 

263 

Cotton 

264 

Jute 

265 

Fibers, Vegetable N.E.S. 

266 

Man Made Fibers 

267 

Waste from Textile Fabrics 

271 

Fertilizers, Crude 

273 

Stone, Sand, and Gravel 

274 

Sulphur and Crude Iron Pyrites 

275 

Natural Abrasives, Inc. Diamond 

276 

Crude Minerals N.E.S. 

281 

Iron Ore and Concentrates 

282 

Iron and Steel Scrap 

283 

Ores, Concentrates Nonferrous 

284 

Nonferrous Metal Scrap 

285 

Platinum 

286 

Uranium, Thorium Ores and Cons. 

291 

Animal Materials, NES, Crude 

292 

Vegetable Materials NES, Crude 

321 

Coal, Coke and. Briquets 

331 

Petroleum, Crude 

332 

Petroleum, Products 

341 

Gas, Natural & Manufactured ; 

411 

Animal Oils and Fats N.^S. 

421 

Fixed Vegetable Oils, Soft 

422 

Fixed Vegetable Oils, N.E.C. 

431 

Fatty Acids, Waxes, Fats, Oils 


Liquid & 
Dry Bulk 


X 

X 

X 


Percenf Containerized 

5 ^ 20- 40- 60- 

5% 20% 40% 60% 100% 


X 

X 

X 

X 

X 

X 



X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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TABLE 1 

-14-3. RATE OF CONTAINERIZATION — 3-DIGIT CENSUS SCHEDULE A & B 

IMPORTS AND EXPORTS 

Percent Containerized 




liquid & 

0- 5- 

20- 

40- 

60- 

Code 

Commodity Description Dry Bulk 

5% 20% 

40% 

60% 

100% 

512 

Organic Chemicals 

X 




513 

Inorganic Chemical Elements 

X 




514 

Inorganic Chem, Except Elements , 

X 




515 

Radioactive & Stable Isotopes 




X 

521 

Mineral Tar and Tar Oils X 





531 

Synthetic Organic Dyestuffs 




X 

532 

Dyeing dnd Tanning Extracts 

X 




533 

Pigments, Paints, Varnish 


X 



541 

Medic and Pharmac. Products 




X 

551 

Essential Oils, Perfume 


X 



553 

Perfumes, Cosmetics, Dentrifrices 



X 


554 

Soaps and Polishing Preps 


X 



561 

Fertilizers, Manufactured 

X 




571 

Explosives & Pyrotechnic Pro. 


X 



581 

Plastic Materials, Syn. Resins 



X 


599 

Chem. Prods and Materials, N.iE.C. 

X 




611 

Leather 



X 


612 

Manufactures of Leather N.E.C. 




X 

613 

Fur Skins, Dressed 




X 

621 

Rubber Manufactures, Unvulcaniz 1 


X 



629 

Rubber, Mfgrs. Finished NEC 




X 

631 

Wood Veneers, Plywood Boards 

X 




632 

Wood Manufactures, N.E.C. 




X 

633 

Cork Manufactures 

X 




641 

Paper and Paperboard 

X 




642 

Articles & Paper Pulp, Paper 


X 



651 

Textile Yarn and Thread 




X 

652 

Cotton Fabrics, Woven 




X 

653 

Textile Fabrics, Woven 


X 



654 

Tulle, Lace, Embroidery, Etc. ^ ^ 


X 



655 

Special Textile Fabrics, Incl 


X 



656 

Made-Up Articles, Te;><tile, NEC 




X 

657 

Floor Covering, Tapestries, Etc. 




X 

661 

Building Material , Lime, Cement 

X 




662 

Clay and Ref. Constru Material 



X 


663 

Mineral Manufactures, N.E.C. 



X 


664 

Glass 



X 
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TABLE 1-14-4. RATE OF CONTAINERIZATION — 3-DIGIT CENSUS SCHEDULE A&B 

IMPORTS AND EXPORTS Percent' Containerized 

Liquids. 0- 5- 20- 40- 60- 


Code 

Commodity Description 

Dry Bulk 5% 

20% 

40% 

60% 

100% 

665 

Glassware 





X 

666 

Pottery 





X 

667 

Precious, Semi-Precious Stones 


X 




671 

Pig Iron 

X 





672 

Iron or Steel Primary Forms 

X 





673 

Iron or Steel Bars 

X 





674 

Iron or Steel Plates S. Sheets 


X 




675 

Hoop S. Strip of Iron or Steel 


X 




676 

Rails or Railway Track Materia 

X 





677 

Iron or Steel Wire, Excl. 



X 



678 

Iron or Steel Tubes, Fittings 

X 





679 

Iron or Steel Castings, Forging 



X 



681 

Silver and Platinum 



X 



682 

Copper & Copper Alloy 



X 



683 

Nickel & Nickel Alloys Etc. 




X 


684 

Aluminum & Aluminum Alloys 




X 


685 

Lead & Lead Alloys 



X 



686 

Zinc & Zinc Alloys 


X 




687 

Tin & Tin Alloys 



X 



688 

Uranium & Thorium Metal 

X 





689 

Non Ferrous Base Metal N.E.C. 



X 



691 

Fin. Structural Metal Parts NE 


X 




692 

Metal Containers for Storage 



X 



693 

Wire Pro. Non Electric Fencing 



X 



694 

Nails, Screw, Nuts, Bolts, Etc. 



X 



695 

Hand and Machine Tools 



X 



696 

Table Flatware and Cutlery 

I- ■ 




X 

697 

Household Equip, of Base Metal 





X 

698 

Manufactures of Metal, N.E.C. 




X 


71 1 

Power Generating Machinery 





X 

712 

Agricultural Machinery, Etc. 



X 



714 

Office Machines and Parts 





X 

715 

Metalworking Machinery & Parts 




X 


717 

Textile & Leather Machinery i 





X 

718 

Mach, for Spec Industr. 



X 



719 

Mach & Appliance N. E. C. 




X 


722 

Electric Power Machinery 




X 
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TABLE 1-14-4. RATE OF CONTAINERIZATION — 3-DIGIT CENSUS SCHEDULE A & B 


IMPORTS & EXPORTS 

Code Commodify Description 

723 Equip, for Distributing Elec. 

724 Telecommunications Apparatus 

725 Electric Refrigerators 

726 Electric Apparatus, Medical 

729 Electrical Machinery N.E.Si, 

731 Railway Vehicles and Parts 

732 Road Motor VehicI es and Parts 

733 Vehicles Other Than Road Mtr 

734 Aircraft and Spacecraft 

735 Ships, Boats, Floating Staict. 

812 Plumb. Heating, Equip Lightfix 

821 Furniture 

831 Travel Goods, Handbags, Etc. 

841 Clothing, Etc. Not Fur 

842 Fur Clothing Incl. 

85i Footwear 

86 ( Scientific, Med. Apparat. N.E.C 

862 Photographic Supplies, Incl. 

863 Motionpicture, Photofilm N.E.C. 

864 Watches & Clocks Parts Incl. 

891 Sound Recorders and Parts 

892 Printed Matter 

893 Plastic Manufactures, N.E.C* 

894 Baby Carriages, Toys, Games 

895 Office & Stationery Supplies 

896 Works of Art, Antiques 

897 Jewelry and Related Articles 

899 Manufactured Articles, N.E.C. 

931 Spec. Transactions not Class 

941 Animals. Live. N.E.C. Incl 

951 Armored Fighting Vehicles, Arms 

952 Military Apparel and Footwear 

961 Coin, Other than Gold 

999 Ail Other Commodities 


Percent Containerized 

Liquid or 0^ 5 ^ 20 ^ 40^^ 60- 

Dry Bulk 5% 20% 40% 60% 100% 

_ _ 

X 

X 

X 




X 


X 



X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



X 


Although by far the majority of quantities reported! are in metric tons, signi- 
ficant exceptions exist. From our experience with the Trade Series C data, it 
appears that if a nember country does not report metric volumes, no 
conversions are nBde by the OECD and quantity data for these reporters are not 
available on the tapes. Thus, inconsistencies exit across OECD reporting 
countries. A second, and only slightly less troubling, problem stems from the 
fact that the OECD Trade Series C data base is cross-sectional in conception. 
In other words, each year „a cross-sectional report is published describing 
trade for that year between the OECD members and their partners. 
Occasionally, since 1961 when publication began, some reporting countries 
changed the unit of measures in which they reported import and/or export 
volumes for specific commodities. This creates considerable difficulties in 
attempting to deal with the data in the time series formcit required for making 
extrapolations. 


Recognizing all of these problems and the fact that the OECD Trade Series 
C data base is still the best single source cf foreign trade data available 
with which to examine commodity trade between countries, a methodology was de- 
vised by which the available data could be used to approximate the unavailable 
quantity data. Since the European OECD reporting countries had excellent 
quantity data available, it was decided thalt proxy trade voluiies could be de- 
veloped for those reporters for which trade volume were unavailable. The 
method used was to divide the average unit value of the ccxnmodity in OECD 
Europe into the value of trade in that commodity in the country for which no 
quantity data were available. Thus, projQ^ trade volumes in metric tons were 
derived. 

Wherever possible, a similar method was used to obtain proxies to fill 
gaps within a time series when the unit of measure had changed from year to 
year. The decision rule used in applying proxies was determined by the 
percentage of actual data reported in metric tons for a given set of partners, 
DRI found the actual volumes in the inconsistencies to be small, so that if 90 
percent or more of the number of series in the aggregate were reported in 
iretric tons, the actual data were used. Visual inspection of these series was 
necessary, however, to assure consistency. For a few commodities, this metho- 
dology proved to be unworkable where unit values varied greatly across 
countries or where the reporting units in OECD Europe vere not metric tons. 
In such cases, there was no alternative but to exclude the commodity as not 
having been reported in tons. 

' i . ^ 

Once all of these tests had been nade,; the task of extrapolating the 
series was approached. After examining the problem closely, it was decided 
jointly between DRI and Lockheed— Georgia to use a linear technique. This 
decision was required because the final time series extrapolations amounted to 
6000 representing the 3-digit level aggregations for the 25 country pairs, im- 
ports and exports. However, it must be recognized that approximately three 
million time series were used in arriving at the aggregations. 

Since the solution using the linear technique required non-zero data with- 
in each series, zero elements within the series were replaced by the means of 
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adjacent period volumes (e.g., missing data for 1968 were replaced by the mean 
of the observations for 1967 and 1969) and leading and trailing observations 
containing zeros were truncated. Finally, a linear regression was performed 
on each resulting series, to derive the extrapolated or forecasted values. The 
extrapolation or forecast being based on the best linear fit through the 
historical time series points, and thus the forecast of the tonnage for each 
commodity does not commence fran the historical data point for 1975. Since 
the forecast data were developed for 5-year increments from 1975, the growth 
for the final historical point to 1980 does not appear to be compatible with 
the growth between 1980 and the year 2000. 

The final output fron the OECD foreign trade data Series C, the forecast 
at the 3-digit level commodity aggregation by degree of containerization, pro- 
vided good_ results for the 0 to 5 percent through the 60 to 100 percent con- 
tainerization. Due to problems with the units of quantity, the output pro- 
vided unacceptable results for the 15 liquid and dry bulk commodities. Since 
these would have been eliminated anyway, the loss does not detract from the 
overall value of the results. Thus, the analysis of the OECD data represents 
only containerizable and containerized commodities. The DRI results for im- 
ports and exports are bound separately and may be obtained from NASA, Langley. 

The output of the OECD data analyses in arriving at the AACS demand are 
presented for Free-World International Cargo Demand - Table II; u.S. Interna- 
tional Cargo Demand - Table III; OECD Europe International Cargo Demand - 
Table VI; Japan International Cargo Demand - Table V; and MACRO Regional Group- 
ing Cargo Demand - Table VI. Each of these tables is further subdivided in an 
identical manner as outlined as follows. For ease of reference, the first 
group - Free-World International Cargo Demand - Table II will be used as the 
guide . 

The OECD data are not available for the separate modes, but since the 
country/region pairs analyzed mostly represent intercontinental trade, the 
data represent just two modes: air and sea. These totals are presented in 
Tables II-l through II-3 for inports, exports, and inports and exports. The 
d^ta are provided for each country/region pair and each degree of container- 
ization for 1973, 1974, and 1975, and five-year increments are forecast to the 
year 2000. Tables II-4 through II-6 summarize these data giving just the 
totals for each country/region pair, representing degrees of containerization 
of 0 to 100 percent. 

Air penetration derived frcm analyses of the Department of Commerce U.S. 
foreign trade data by modes is applied to the OECD data to separate out the 
conventional air cargo. This estimated air cargo is presented in the same for- 
mats as the OECD total trade data in Tables I 1-7 through 11-12. 

This air cargo is then subtracted froti the OECD total trade to give the 
OECD total seaborne cargo. This total seaborne actually represents the con- 
tainerizable trade since the 15 dry and liquid bulk commodities have been 
eliminated from these analyses. These containerizable seaborne tonnages are 
presented in Tables 11-13 through 11-18. 


Multiplying the containerizable tonnages for each degree of containeriza- 
tion by the mean of the range produces the containerized tonnage. These re- 
sults are presented in Tables 11-19 through 11-24. 

The remaining tables. Tables 11-25 through 11-33 are for only the summary 
level by country/region-pair. Tables 11-25 through 11-27 present containeriz- 
ed tonnage express as a percent of the containerizable tonnage. The percent- 
ages range from a low of 6 to a high of 56. These percentages, of course, ex- 
clude the affect of the 15 dry and liquid bulk corimodities; otherwise, the per- 
centages would have had a high in the order of 3 to 4 percent. 

The demand for the Advanced Air Cargo System, Tables 11-28 through 11-30 
is obtained by taking 5.6 percent of the seaborne containerized tonnage as 
established frcm the case study results of Section II of the main body of the 
report. This represents the lew forecast for the AAGS. 

Finally, Tables 11-31 through 11-33 present the addition of the conven- 
tional air cargo demand and the AACS demand to give the Free-World total air 
cargo derrand. 

As mentioned before, this structure of these tables. Table Il-l through 
11-33, is used throughout Table II through Table VI. It is from the last one. 
Table VI for the MACRO Regional Grouping Cargo Demand, that data are taken as 
inputs to the MACRO optimization program to arrive at the demand for aircraft. 


